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Here, the references of few are given :

We are happy to inform our readers that out of the 45 questions asked in NEET 2020,
more than 90% questions were either exactly same or of similar type from the MTG Books.

Exam Q. MTG Book Q. No. P.No. Exam Q. MTG Book Q.No. P.No.
No. No.
2 NEET Guide (XII) 66 360 14 NEET Guide (XII) 24 277
4 NEET Guide (XII) 103 18 15 NEET 32 Years (XII) 23 231
5 Fingertips (XII) 91 322 16 NEET Guide (XII) 57 15
6 Fingertips (XII) 29 159 17 NEET 32 Years (XI) 81 72
7 NEET 32 Years (XI) 13 115 18 Fingertips (XII) 16 58
8 NEET Guide (XI) 67 18 19 NEET 32 Years (XII) 47 257
9 NEET Guide (XI) 4 331 20 NEET Guide (XI) 139 267
10 NEET Guide (XII) 187 132 21 NEET 32 Years (XII) 99 301
1 NEET Guide (XII) 69 16 2 Fingertips (XI) 39 320
12 Fingertips (XI) 47 175 23 Fingertips (XII) 92 63
and more such questions .....
1. Light with an average flux of 20 W cm™ falls on a
non-reflecting surface at normal incidence having p p
surface area 20 cm’. The energy received by the @ / ®
surface during time span of 1 minute is
(a) 10x 10°] (b) 12x10°] T T
(c) 24x 10°] (d) 48x10%]
2. For transistor action, which of the following ©"° (G
statements is correct?
(a) Base, emitter and collector regions should have T T

same doping concentrations.

(b) Base, emitter and collector regions should have
same size.

(c) Both emitter junction as well as the collector
junction are forward biased.

(d) The base region must be very thin and lightly
doped.

Which of the following graph represents the

variation of resistivity (p) with temperature (T) for

copper?

In a certain region of space with volume 0.2 m?,
the electric potential is found to be 5 V throughout.
The magnitude of electric field in this region is

(a) zero (b) 05N c?
(9 INC! (d sNc!
For the logic circuit shown, the truth table is
A
Y
B

PHYSICS FOR YOU | OCTOSER ‘20 (5 )



10.

11

A|BY A[B]Y
ofofo ofofo
(@ o1 ]o0 () [o 1|1
1{o]o 1 {01
1|11 111
A|BY A[B]Y
oo oot
(c) (O] |1 @ [o]1]o
1ot 1[o]o
11 ]o 1[t]o

A 40 pF capacitor is connected to a 200 V, 50 Hz ac
supply. The r.m.s value of the current in the circuit
is, nearly

(a)1.7A (b) 205A (c) 25A (d) 251A
A cylinder contains hydrogen gas at pressure of
249 kPa and temperature 27°C. Its density is
(R=83]mol™' K™)

(a) 0.5kgm™ (b) 02kgm™

(c) 0.1kgm™ (d) 0.02kgm™

Taking into account of the significant figures, what
is the value of 9.99 m - 0.0099 m?

(a) 9.9801 m (b) 9.98m

(c) 9.980 m (d) 99m

The mean free path for a gas, with molecular diameter
d and number density n can be expressed as

1 1
(a) m (b) m

1 1
© Trad @ Trer
An iron rod of susceptibility 599 is subjected to a
magnetising field of 1200 A m™. The permeability of
the material of the rod is (pg = 47 x 107 Tm A’l)
(a) 24nx 10" TmA™" (b) 80x10° TmA™
(c)24nx10°TmA™ (d) 24nx 107 TmA™

A short electric dipole has a dipole moment of
16 x 10 C m. The electric potential due to
the dipole at a point at a distance of 0.6 m from
the centre of the dipole, situated on a line
making an angle of 60° with the dipole axis is

L ox10° Nm?C™?
ey

(a)50V  (b) 200V (c) 400V (d) zero

. A body weighs 72 N on the surface of the earth.

What is the gravitational force on it, at a height
equal to half the radius of the earth?

PHYSICS FOR YOU | OCTOBER ‘20

19.

20.

(@a)48N (b)) 32N (¢) 30N (d) 24N

. The solids which have the negative temperature

coefficient of resistance are

(a) metals (b) insulators only
(c) semiconductors only

(d) insulators and semiconductors.

. Light of frequency 1.5 times the threshold

frequency is incident on a photosensitive material.
What will be the photoelectric current if the
frequency is halved and intensity is doubled?

(a) Doubled (b) Four times

(c) One-fourth (d) Zero

. A series LCR circuit is connected to an ac voltage

source. When L is removed from the circuit, the
phase difference between current and voltage is
n/3. If instead C is removed from the circuit, the
phase difference is again /3 between current and
voltage. The power factor of the circuit is

(a) zero (b) 0.5 (¢) 1.0 (d) -1.0

. Aspherical conductor of radius 10cmhas a charge of

3.2 x 107 C distributed uniformly. What is the
magnitude of electric field at a point 15 cm from the

1 o
centre of the sphere? = =9x10° Nm?C™2
0

(b) 1.28x10°NC™!
(d) 1.28x10°NC"

(@) 1.28x10°NC™!
(c) 1.28x 10°NC™!

. Find the torque about the origin when a force of 3N

acts on a particle whose position vector is 2km.
(a) 6/ Nm (b) 6/Nm
() -6iNm (d) 6kNm

. A charged particle having drift velocity of

7.5% 10" *ms 'inanelectric fieldof3x 107 °Vm™,
has a mobility in m? V! 7! of

(a) 225 x 10 (b) 2.5x10°
(c)25x107° (d) 2.25x 107"

A ray is incident at an angle of incidence i on
one surface of a small angle prism (with angle of
prism A) and emerges normally from the opposite
surface. If the refractive index of the material of
the prism is W, then the angle of incidence is nearly
equal to

(a) A/2u (b) 2A/n () WA (d) pnAn2
The quantities of heat required to raise the
temperature of two solid copper spheres of radii
ryand r, (r; = 1.5r,) through 1 K are in the ratio

27 9 3 5
(a) ry (b) z (c) 5 (d) 5



21

22,

23.

24.

26.

27.

28.

29.

. When a uranium isotope 233U is bombarded with

a neutron, it generates 3¢ Kr , three neutrons and
() '¥Ba (b) Pzr (© '"Ykr @) 'Ykr

The phase difference between displacement and
acceleration of a particle in a simple harmonic
motion is

(a) mrad (b) 3m/2rad

(c) m/2 rad (d) zero

A resistance wire connected in the left gap of a
metre bridge balances a 10 Q resistance in the right
gap at a point which divides the bridge wire in the
ratio 3 : 2. If the length of the resistance wire is 1.5
m, then the length of 1 Q of the resxstance wire is
(a)10><10 m (b) 1.0x10"' ' m
(c)lelO m (d)lel(] m

A capillary tube of radius r is immersed in water
and water rises in it to a height h. The mass of the
water in the capillary is 5 g. Another capillary tube
of radius 2r is immersed in water. The mass of
water that will rise in this tube is

(a)25g (b) 508 (c) 100g (d) 20.0¢g

. The ratio of contributions made by the electric

field and magnetic field components to the
intensity of an electromagnetic wave is (c = speed
of electromagnetic waves)

@c:1 (b)) 1:1 () lic (d) 1:&
In Young’s double slit experiment, if the separation
between coherent sources is halved and the distance
of the screen from the coherent sources is doubled,
then the fringe width becomes

(a) double (b) half

(c) four times (d) one-fourth

A long solenoid of 50 cm length having 100 turns
carries a current of 2.5 A. The magnenc field at the
centre of the solenmd is (Mo =47 x 10” "TmA™)
(a) 628 x107' T (b) 3.14x107'T

(c) 628 x 107 T (d) 3.14x10°T

Aballis thrown vertically downward with a velocity
of 20 m 57! from the top of a tower. It hits lhe
ground after some time with a velocny of 80ms!
The height of the tower is (g = 10 m s7%)

(a)360m (b) 340m (c) 320m (d) 300 m

For which one of the following, Bohr model is not
valid?

(a) Hydrogen atom

(b) Singly ionised helium atom (He*)

(c) Deuteron atom

(d) Singly ionised neon atom (Ne*)

30.

31

32.

33.

34.

35.

36.

37.

Theaverage thermal energy fora mono-atomicgasis
(kg is Boltzmann constant and T, absolute
temperature)

1 5
@ ka7 (b) Skl (@

2
Two particles of mass 5 kg and 10 kg respectively
are attached to the two ends of a rigid rod of length
1 m with negligible mass. The centre of mass of the
system from the 5 kg particle is nearly at a distance of
(@)33cm (b) 50cm (c¢) 67cm (d) 80cm

In a guitar, two strings A and B made of same
material are slightly out of tune and produce beats
of frequency 6 Hz. When tension in B is slightly
decreased, the beat frequency increases to 7 Hz. If
the frequency of A is 530 Hz, the original frequency
of B will be

(a) 523 Hz (b) 524 Hz (c) 536 Hz (d) 537 Hz

Two cylinders A and B of equal capacity are
connected to each other via a stop cock. A contains
an ideal gas at standard temperature and pressure.
B is completely evacuated. The entire system is
thermally insulated. The stop cock is suddenly
opened. The process is
(a) isothermal

(c) isochoric

3 7
ZkgT —kgT
PR (c) PR

(b) adiabatic

(d) isobaric

The capacitance of a parallel plate capacitor with
air as medium is 6 uF. With the introduction of
a dielectric medium, the capacitance becomes
30 uF The qermmwny of the medium is
(€9=8.85% 10° ZCZN‘ m?)

(2) 044x 102 C?N'm™

(b) 1.77x 102 G2 N! m‘2

(c) 044x 10 C?N'm™

(d)5.00C*N"'m™

An electron is accelerated from rest through a
potential difference of V volt. If the de Broglie
wavelength of the electron is 1.227 x 107 nm, the
potential difference i is

(@10V  (b) 10°V (0) 10°V (d) 10'V
A wire of length L, area of cross section A is
hanging from a fixed support. The length of the
wire changes to L, when mass M is suspended from
its free end. The expression for Young’s modulus is

Mgl, -
(@ ¥eh ) Meta=D

MgL _ Mgl
(c) A—L| (d) AL -L)

The Brewster’s angle i, for an interface should be

(a) 0° < iy < 30° (b) 30°<i,<45°

() 45° < iy < 90° (d) iy =90°
PHYSICS FOR YOU | OCTOBER ‘20



38.

39.

40.

41.

42,

43,

44,

Two bodies of mass 4 kg and 6 kg
are tied to the ends of a massless
string. The string passes over a
pulley which is frictionless (see

figure). The acceleration of the dkg

system in terms of acceleration .
due to gravity (g) is 8
(@) g (b) g2 (c) g/5 (d) g/1o
Dimensions of stress are

(a) [MLT] (b) [ML’T7)

(©) MLT™?) (@ [ML'T7

A screw gauge has least count of 0.01 mm and there
are 50 divisions in its circular scale. The pitch of the
screw gauge is

(a) 0.01 mm (b) 0.25mm

(c) 0.5 mm (d) 1.0mm

The energy required to break one bond in DNA is
10~ . This value in eV is nearly
(a) 6 (b) 06 () 006 (d) 0.006

The color code of a resistance is given below.

Yellow Violet Brown Gold
The values of resistance and tolerance, respectively, are
(a) 470 kQ, 5% (b) 47k, 10%
(c) 4.7 kQ, 5% (d) 470 Q,5%

Assume that light of wavelength 600 nm is coming
from a star. The limit of resolution of telescope
whose objective has a diameter of 2 m is

(a) 3.66 x 1077 rad (b) 1.83x 107 rad

(c) 7.32x 107 rad (d) 6.00x 107 rad

The increase in the width of the depletion region in
a p-n junction diode is due to

(a) forward biasonly ~ (b) reverse bias only

(c) both forward bias and reverse bias

(d) increase in forward current

. The energy equivalent of 0.5 g of a substance is

(b) 45x107]
(d) 05x10)

(a) 4.5 x 10°]
(c) 1.5x 10”]

SOLUTIONS

(c) : Energy received in 1 minute = Intensity x Area
x Time

E=(20 W cm™) x (20) cm? x (1 x 60's) =24 x 10° ]
(d): For transistor action, emitter has greater
doping concentration than collector or base. The
base region is made thin and lightly doped so that
only a few of electron recombine.

PHYSICS FOR YOU | OCTOBER ‘20

5.

6.

9.

10.

For the transistor to work in active region, emitter
junction is forward biased whereas collector region
is reverse biased.

(c) : For metals, resistivity versus time graph is
P

L

| I

(a) : Electric field in a region, E = —%

But here electric potential is constant. Therefore
electric field will be zero.

(@):a a
B B

Here, Y= A+B=A-B=A-B
This is a AND Gate. So, the truth table is

A B Y
0 0 0
0 1 0
1 0 0
1 1 1

(c) : Here, C = 40 mF = 40 x 107°F; g5, = 200 V;
v =50 Hz

The value of the current, I, = P = e 0C
oC
or I =200 (21 x 50) x (40 x 10°) = 2.51 A
(.- @ =2mv)

(b): Here, P =249 kPa = 249 x 10° Pa
T=273°C=273+27=300K
M=2x10"kg
Equation of state, PV = nRT
or PM=pRT
i
P=%r
Substituting the values,
_ (249x10°)(2x107)
p= 8.3%300
(b): 9.99 - 0.0099 = 9.9801 m
Least number of significant figure are 3.
Hence, required answer will be 9.98 m.

1

2
(a): Given, ), = 599 ﬁnnd
Relative permeability of the material, pu, = 1+,
or M,=1+599=600
W=y, Mo = 600 X (47t X 10'7)= 24nx10° TmA™

or

=02kgm™

(b): Mean free path for a gas, A =



20.

. (b

. (b

): Potential dueto dipole, V= P_’z = w
4mEyr r
9 -9 o
or Vo 0X10 )(lﬁxloz )%c0s60° _ o0
(0.6)
): Gravitational force at a height h,
mg, 72
mgy, = =—— ormg,=32N
H ( h)z ( klz)2 &
1+— I+—
r R
or Fg=32N
- (d)
. (d): Initially, v = 1.5 v,
If the frequency is halved, v’ = v_15v Vo
Hence, no photoelectric emission will take place.
. (¢) : When L is removed
Xc| n_Xc :
t: =— tan—=—=
an ¢ = tanz=— (i)

When C is removed,

= |

tan ¢ = % = mn?: ...(ii)
From (i) and (ii), X¢c = X;.
Since, X = X, the circuit is in resonance.

% Z=R

Power factor, cos ¢ = Z R, 1
R R

. (b): Here,r=10cm, q=3.2 x 107¢C

gt _ 9x10° x3.2x107
=4 -

28 R 128 %10°NGC!
r? 225x107

.(c):Here,F‘=3;'N,F=2lzm

Torque, T =7 x F =2k x3j=—6 Nm

. (b): Here,v;=7.5x 10 ms E=3%x10"°Vvm™!

7.5%x107*
Mobility, p = V?d = m

n=25x10°m*v's!

. (¢): Light ray emerges normally from another

surface so angle of emergence (e) =0
rh=0

n+n=A=r=A

Using Snell’s law on first surface,

1 xsini=psinry

sini=pusin A

For small angles, sin A = A Hence, i = HA

(a) : Heat required, AQ = msAT
AQ=(Vxp)xsAT
= %m’ p-sAT

3 3
A_QL=ﬂ;=(ﬂ.] =as¢=2
A0, r \n 8

21.

22

23.

24.

25.

26.

27.

28.

(a): U + gn' —— 3 Kr¥ + 3n) + X4
92+0=36+Z =Z=56

Now, 235+ 1=89+3+A = A=14
So, s¢Ba'* is generated.

(a) : Displacement of the particle, y = a sin o,
v=2 = 4w cos ot
dt

. dv 2
Acceleration, a = o —aw’ sin ot
So, phase difference between displacement and
acceleration is 7.

(b): Unknownis X, R=10 Q.

Here.’—'=2 X R
L 2
X_h A CH
R 1

:x:%xm:x=159 H i
Thus, 1.5 m length has resistance 15 Q.
Hence, length of 1 Q of the resistance wire
=15 0im=10x10" m
15

(c) : Force of surface tension balances the weight of
water in capillary tube.

F,=Tcos 0 (2nr) = mg
Hence, me< r

m

m r
w

2 om0 g
S5g r
(b): Energy intensity of electromagnetic wave is
equally distributed in the form of electric and
magnetic field, so ratio Ue L

Uy 1
(c) : Fringe width, f = DT)‘
dbecomes half = d'=d/2
D doubles, so = D’=2D

New fringe width, " = ﬁ =48

()

2

(a): Here, =50 cm, N=100,i=2.5 A

Magnetic field inside the solenoid,

B=pyni = E!JIN_I

4nx1077 x100x 2.5
0.5

(d): Here, u=20m sLy=80m s'l,g= 10 ms™>,

h=2?

V=u’+2gh =80°=20>+2x10xh

Hence, h =300 m

= B= =6.28x107'T

PHYSICS FOR YOU | OCTOBER 20



29.

30.

3

—

32.

33.

34,

35.

36.

o

(d): Bohr’s atomic model is valid for single electron
species only. A singly ionised neon contains more
than one electron. Hence option (d) is correct.

(b): Degree of freedom =3

Energy associated with each degree of freedom

1
= —kgT
2B

So, energy is % kpT.

. (c): Given:m;=5kg, my=10kgand L=1m

Here centre of mass, X, = Xy
_ 5x0+10x1_10_2

15 153
=0.666 m =~ 0.67 m = 67 cm

my +my

(b): Given : frequency of vy = 530 Hz and beat
frequency Av, = 6 Hz.
Since, Vg = V4 + Au;, we have vy = 536 Hz or 524 Hz.
Now, when tension on the string is reduced, its
frequency reduces.
Now, the beat frequency, Av, = 7 Hz.

The original frequency of B, g = 524 Hz.

(b): Since, the entire system is thermally insulated,
no heat flows into the system. When the stop cock
is removed, the gas expands adiabatically.

(c) : Given: capacitance without dielectric, C= 6 uF

and capacitance with dielectric, C’ = 30 uF.
Dielectric constant, K = (4 = % =5.

Now, permittivity of the medium, € = Kg,
=5x885x1072=044x 107" C* N m™?

(d): Given : de-Broglie wavelength of electron
A=1227x107nm=0.1227 A

B 1227
A= = A
:;2 meV \_/V
We have, W7 =227 _100 = v=10'V.
0.1227

(d): Given : initial length = L, area of cross section
=A
New length after mass M is suspended on the wire
=L

Change in length, AL =L, - L.

Stress _F L
Now Young’s modulus, Y = =—x—
ow Toung " Strain 4 AL
-meL Ml
A AL A(L-L)

PHYSICS FOR YOU | OCTOBER ‘20

37.

38.

39.

40.

4

42.

43.

44.

45.

(c) : We know, |1 = tan i
Asl<p<oo
1<taniy <o
tan(45°) < tan iy < tan (90°)
or 45°<i,<90°
(c): Given: m) = 4 kg, my=6kg
From the diagram,
T-mg=ma (1) T
myg—T=mya ..(ii)
Solving equation (i) and (ii)
(my-m)g _(6-4g _ 2

A(+)

ya

mg
=£ [

a=

my+m 10 10° 5 mg
(d): We know, stress = Force
Area

Dimensions of force is [M'L"I‘l] and that of area
is [LzlA
{8 )

Dimensions of stress = % =[M'LIT?.
(¢) : Given : least count = 0.01 mm and number of
circular scale divisions = 50.

Pitch = L.C x Number of circular scale division

=0.01 x50 = 0.5 mm.

. (¢) : Given : energy, E = 10_201

Now, 1] = ———=eV
J 1.6x107"
I0—20
E= T eV =0.0625 eV =~ 0.06 eV.
bXx

(d): The colour code of the given resistor is yellow,
violet, brown and gold.
According to the colour code digits are
Yellow - 4
Violet - 7
Brown - 1
and Gold =5%
R=47x 10"+ 5% = 470 Q + 5%
(a): Given: A =600nm=600x10°mand D=2m
1221 _ 1.22x600x10~
R —
=366x107=366x 107 rad.
(b): Width of the depletion layer increases in
reverse biasing.
(b): Given : mass m=0.5g=0.5x 10~ kg
According to Einstein mass-energy equivalence,
E=mc®=05x107x (3x 10°)%= 4.5 x10"]
e

Limit of resolution =
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SECTION 1 (Maximum Marks : 18)

N

This section contains SIX (06) questions.

Each question has FOUR options. ONLY ONE of these four
options is the correct answer.

For each question, choose the correct option corresponding
to the correct answer.

Answer to each will be d g to the

following marking scheme:

Full Marks : +3 If ONLY the correct option is
chosen;

Zero Marks : 0 If none of the options is chosen (i.e.
the question is unanswered);

Negative Marks : -1 In all other cases.

A football of radius R is kept on a hole of radius r
(r < R) made on a plank kept horizontally. One end
of the plank is now lifted so that it gets tilted making
an angle 0 from the horizontal as shown in the figure
below. The maximum value of 8 so that the football
does not start rolling down the plank satisfies (Figure
is schematic and not drawn to scale.)

r
inf=—
(a) sin m

r
b e
(b) tan®

: r r
(c) sin®= R (d) cosO—ZR
A light disc made of aluminium (a non-magnetic
material) is kept
horizontally and is free to
rotate about its axis
as shown in the figure. A
strong magnet is held @
vertically at a point above
the disc away from its axis. On revolving the magnet

about the axis of the disc, the disc will (Figure is

schematic and not drawn to scale.)

(a) rotate in the direction opposite to the direction
of magnet’s motion

(b) rotate in the same direction as the direction of
magnet’s motion

(c) not rotate and its temperature will remain
unchanged

(d) not rotate but its temperature will slowly rise.

A small roller of diameter 20 cm has an axle of
diameter 10 cm (see figure below on the left). It is
on a horizontal floor and a meter scale is positioned
horizontally on its axle with one edge of the scale
on top of the axle (see figure on the right). The
scale is now pushed slowly on the axle so that it
moves without slipping on the axle, and the roller
starts rolling without slipping. After the roller has
moved 50 cm, the position of the scale will look like
(Figures are schematic and not drawn to scale.)

@ -

é

A circular coil of radius R and N turns has negligible
resistance. As shown in the schematic figure, its two
ends are connected to two wires and it is hanging
by those wires with its plane being vertical. The
wires are connected to a capacitor with charge Q
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through a switch. The coil is in a horizontal uniform
magnetic field B, parallel to the plane of the coil.
When the switch is closed, the capacitor gets
discharged through the coil in a very short time. By
the time the capacitor is discharged fully, magnitude
of the angular momentum gained by the coil will be
(Assume that the discharge time is so short that the
coil has hardly rotated during this time.)

o

|

By

(a) (M/2)NQB,R? (b) TNQB,R?

(c) 2nNQB,R® (d) 4nNQB,R?

A parallel beam of light strikes a piece of transparent

glass having cross-section as shown in the figure

below. Correct shape of the emergent wavefront will

be (Figures are schematic and not drawn to scale.)
Light Glass

Air Air

LU

(a) (b) (c) (d)

An open-ended U-tube of uniform cross-sectional
area contains water (density 10° kg m™), Initially
the water level stands at 0.29 m from the bottom in
each arm. Kerosene oil
(a  water-immiscible
liquid) of density
800 kg m™* is added to
the left arm until its hy hy
length is 0.1 m, as

shownintheschematic

figure. The ratio [:—’ ] of the heights of the liquid in
2
the two arms is
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SECTION 2 (Maximum Marks : 24)

7

This section contains SIX (06) questions.
Each question has FOUR options. ONE OR MORE THAN
ONE of these four option(s) is (are) correct answerf(s).

For each choose the to

(all) the correct answer(s).

Answer to each will b rding to the

following marking scheme:

Full Marks : +4 If only (all) the is (are)
chosen;

Partial Marks : +3 If all the four options are correct
but ONLY three options are chosen;

Partial Marks : +2 If three or more options are correct
but ONLY two options are chosen
and both of which are correct;

Partial Marks : +1 If two or more options are correct
but ONLY one option is chosen and
it is a correct option;

Zero Marks : 0 If none of the options is chosen

(i.e. the question is unanswered);

Negative Marks : -2 In all other cases.

A particle of mass m moves in circular orbits with
potential energy V(r) = Fr, where F is a positive
constant and r is its distance from the origin. Its
energies are calculated using the Bohr model. If the
radius of the particle’s orbit is denoted by R and its
speed and energy are denoted by vand E, respectively,
then for the n'" orbit (Here h is the PlancK’s constant.)
(a) Ree n' and v o< n*?

(b) Re< " and v o< n'?

2,22 3 2,202 \3
() E:%["h £ ]‘ (d) E=z[" th ]

4n’m 4n°m

‘The filament of a light bulb has surface area 64 mm?.
The filament can be considered as a black body at
temperature 2500 K emitting radiation like a point
source when viewed from far. Atnight thelightbulbis
observed from a distance of 100 m. Assume the pupil
of the eyes of the observer to be circular with radius
3 mm. Then
(Stefan-Boltzmann constant = 5.67 x 107 Wm™ K“,
Wien’s displacement constant = 2,90 x 107 m-K,
Planck’s constant = 6.63 x 107! Js, speed of light in
vacuum = 3.00 x 10° ms'l)
(a) power radiated by the filament is in the range
642 W to 645 W
(b) radiated power entering into one eye of the
observer is in the range 3.15 x 10™° W to
325x107° W



10.

1

-

(c) the wavelength corresponding to the maximum
intensity of light is 1160 nm

(d) taking the average length of emitted radiati
to be 1740 nm, the total number of photons
entering per second into one eye of the observer
is in the range 2.75 x 10" to 2.85 x 10",

Sometimes it is convenient to construct a system of
units so that all quantities can be expressed in terms
of only one physical quantity. In one such system,
dimensions of different quantities are given in
terms of a quantity X as follows: [position] = [X“];

[speed] = [Xn]; [acceleration] =[XP]; [linear
momentum) = [X7]; [force] = [X']. Then

(@) a+p=2B b)p+g-r=p

() p-q+r=a dp+q+r=p

A uniform electric field, E=-400y3yNC™!

is applied in a region. A charged particle of mass
m carrying positive charge g is projected in this
region with an initial speed of 2J10x10° ms™".
This particle is aimed to hit a target T, which is 5 m
away from its entry point into the field as shown

schematically in the figure. Take 4 _ ¢ kg™
Then m

5 m

(a) the particle will hit T if projected at an angle
45° from the horizontal

(b) the particle will hit T if projected either at an
angle 30° or 60° from the horizontal

(c) time taken by the particle to hit T could be

\/Eps and \/Eps
6 2

(d) time taken by the particle to hit T is \/g us.

. Shown in the figure is a semicircular metallic strip

that has thickness t and resistivity p . Its inner radius
is R, and outer radius is R,. If a voltage V, is applied
between its two ends, a current I flows in it. In
addition, it is observed that a transverse voltage AV

develops between its inner and outer surfaces due
to purely kinetic effects of moving electrons (ignore
any role of the magnetic field due to the current).
Then (figure is schematic and not drawn to scale)

(a) I= 0 ln[R—2 }
o (R
(b) the outer surface is at a higher voltage than the
inner surface
(c) the outer surface is at a lower voltage than the
inner surface
(d) AV =< I,

. As shown schematically in the figure, two vessels

contain water solutions (at temperature T) of
potassium permanganate (KMnO,) of different
concentrations n; and n, (n; > n,) molecules per
unit volume with An = (n) - n,) << n;. When they
are connected by a tube of small length [ and cross-
sectional area S, KMnO, starts to diffuse from the
left to the right vessel through the tube. Consider
the collection of molecules to behave as dilute ideal
gases and the difference in their partial pressure in
the two vessels causing the diffusion. The speed v
of the molecules is limited by the viscous force v
on each molecule, where 3 is a constant. Neglecting
all terms of the order (An)?, which of the following
is/are correct? (kp is the Boltzmann constant)

L
(a) The force causing the molecules to move across
the tube is AnkyTS.
(b) Force balance implies n,3vl = AnkgT.
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(c) Total number of molecules going across the

kgT
tube per sec is (%)(% ] N

(d) Rate of molecules getting transferred through
the tube does not change with time.

SECTION 3 (Maximum Marks : 24)

o

. When water is filled carefully

The

e:v(-c'l

question is a NUMERICAL VALUE.
For each question, enter the correct numerical value of the
answer using the mouse and the on-screen virtual numeric
keypad in the place designated to enter the answer. If
the numerical value has more than two decimal places,
truncate/round-off the value to TWO decimal places.

toeach

Answer to each vill be g to the
following marking scheme:
Full Marks : +4 If ONLY the correct numerical value

is entered.

Zero Marks : 0 In all other cases.

. Put a uniform meter scale horizontally on your

extended index fingers with the left one at 0.00 cm
and the right one at 90.00 cm. When you attempt
to move both the fingers slowly towards the center,
initially only the left finger slips with respect to
the scale and the right finger does not. After some
distance, the left finger stops and the right one starts
slipping. Then the right finger stops at a distance
xg from the center (50.00 cm) of the scale and the
left one starts slipping again. This happens because
of the difference in the frictional forces on the two
fingers. If the coefficients of static and dynamic
friction between the fingers and the scale are 0.40
and 0.32, respectively, the value of xp (in cm) is

in a glass, one can fill it to a
height h above the rim of
the glass due to the surface
tension of water. To calculate
h just before water starts
flowing, model the shape of

the water above the rim as a

disc of thickness h having semicircular edges,
as shown schematically in the figure. When the
pressure of water at the bottom of this disc exceeds
what can be withstood due to the surface tension,
the water surface breaks near the rim and water
starts flowing from there. If the density of water, its
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1

~

surface tension and the acceleration due to gravity
are 10°kg m™>,0.07 Nm™" and 10 ms™2, respectively,
the value of h (in mm) is

. One end of a spring of negligible unstretched length

and spring constant k is fixed at the origin (0, 0). A
point particle of
mass m carrying a
positive charge q is
attached at its other
end. The entire .
system is kept on a S
smooth horizontal 0:0)

surface. When a I
point dipole p pointing towards the charge q s fixed
at the origin, the spring gets stretched to a length |
and attains a new equilibrium position (see figure). If
the point mass is now displaced slightly by Al << |
from its equilibrium position and released, it is found

P4

ol

to oscillate at frequency % 5 The value of d is
m

Consider one mole of helium gas enclosed in a
container at initial pressure P, and volume V. It
expands isothermally to volume 4V. After this, the
gas expands adiabatically and its volume becomes
32V). The work done by the gas during isothermal
and adiabatic expansion processes are W, and

W,gio» respectively. If the ratio —52-= f1n2, then
fiS adia
. A stationary tuning fork is in resonance with an air

column in a pipe. If the tuning fork is moved with a
speed of 2 ms™! in front of the open end of the pipe
and parallel to it, the length of the pipe should be
changed for the resonance to occur with the moving
tuning fork. If the speed of sound in air is 320 ms™',
the smallest value of the percentage change required
in the length of the pipe is

. A circular disc of radius R carries surface charge

density 6(')=G°(l_i] , where o is a constant

and r is the distance from the center of the disc.
Electric flux through a large spherical surface that
encloses the charged disc completely is ¢. Electric
flux through another spherical surface of radius R/4
and concentric with the disc is ¢. Then the ratio FO
is,



SECTION 1 (Maximum Marks : 18)

This section contains SIX (06) questions.

The answer to each question is a SINGLE DIGIT INTEGER
ranging from 0 to 9, both inclusive.

For each question, enter the correct integer corresponding
to the answer using the mouse and the on-screen virtual
numerical keypad in the place designated to enter the

Answer to each will be to the

following marking scheme:

Full Marks : +3 If ONLY the correct integer is
chosen;

Zero Marks : 0 If the question is unanswered;

Negative Marks : =1 In all other cases.

A large square container with thin transparent
vertical walls and filled with water (refractive

index %) is kept on a horizontal table. A student

holds a thin straight wire vertically inside the water
12 c¢cm from one of its corners, as shown
schematically in the figure. Looking at the wire
from this corner, another student sees two images
of the wire, located symmetrically on each side of
the line of sight as shown. The separation (in cm)
between these images is

A train with cross-sectional area S, is moving with
speed v, inside a long tunnel of cross-sectional
area S; (S,=4S,). Assume that almost all the air
(density p) in front of the train flows back between
its sides and the walls of the tunnel. Also, the air
flow with respect to the train is steady and laminar.
Take the ambient pressure and that inside the train
to be py. If the pressure in the region between the
sides of the train and the tunnel walls is p, then

7. 2 .
Po=pP=o5PV The value of N is
Two large circular discs separated by a distance of
0.01 m are connected to a battery via a switch as
shown in the figure. Charged oil drops of density
900 kg m™ are released through a tiny hole at

the center of the top disc. Once some oil drops
achieve terminal velocity, the switch is closed
to apply a voltage of 200 V across the discs. As a
result, an oil drop of radius 8x107 m stops moving
vertically and floats between the discs. The number
of electrons present in this oil drop is

(neglect the buoyancy force, take acceleration due
to gravity =10 ms™ %and charge on an electron (e) =
1.6x1077C)

Switch

0.0l m

A hot air balloon is carrying some passengers,
and a few sandbags of mass 1 kg each so that its
total mass is 480 kg. Its effective volume giving the
balloon its buoyancy is V. The balloon is floating at
an equilibrium height of 100 m. When N number
of sandbags are thrown out, the balloon rises to
a new equilibrium height close to 150 m with its
volume V remaining unchanged. If the variation of
the density of air with height i from the ground is
h

p(h)=pge "o , where py=1.25kgm~and hy=6000 m,
the value of N is

A point charge g of mass m is suspended vertically
by a string of length I. A point dipole of dipole
moment p is now brought towards q from
infinity so that the charge moves away. The final
equilibrium position of the system including the
direction of the dipole, the angles and distances is
shown in the figure. If the work done in bringing
the dipole to this position is N x (mgh), where g is
the acceleration due to gravity, then the value of N
is . (Note that for three coplanar forces

F
keeping a point mass in equilibrium, .—eis the
sin

same for all forces, where F is any one of the forces
and 0 is the angle between the other two forces.)
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6.

A thermally isolated

cylindrical  closed

vessel of height 8 m

is kept vertically. It

is divided into two

equal parts by a

diathermic (perfect 8m
thermal conductor)

frictionless partition

of mass 8.3 kg. Thus

the partition is held

initially at a distance

of 4 m from the top as shown in the schematic
figure. Each of the two parts of the vessel contains
0.1 mole of an ideal gas at temperature 300 K. The
partition is now released and moves without any
gas leaking from one part of the vessel to the other.
When equilibrium is reached, the distance of the
partition from the top (in m) will be (take
the acceleration due to gravity =10 ms™ and the
universal gas constant =8.3 ] mol'lK'l).

SECTION 2 (Maximum Marks : 24)

®

This section contains SIX (06) questions.
Each question has FOUR options. ONE OR MORE THAN
ONE of these four option(s) is (are) correct answer(s).

For each choose the to

(all) the correct answer(s).

Answer to each will be rding to the

following marking scheme:

Full Marks : +4 If only (all) the correct option(s) is
(are) chosen;

Partial Marks :  + 3 If all the four options are correct but
ONLY three options are chosen;

Partial Marks :  + 2 If three or more options are correct
but ONLY two options are chosen
and both of which are correct;

Partial Marks:  + 1 If two or more options are correct
but ONLY one option is chosen and
it is a correct option;

Zero Marks : 0 If none of the options is chosen

(i.e. the question is unanswered);
Negative Marks : -2 In all other cases.
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7. A beaker of radius r is filled with water (refractive

index g) up to a height H as shown in the figure
on the left. The beaker is kept on a horizontal table

rotating with angular speed . This makes the water
surface curved so that the difference in the height of
water level at the center and at the circumference of
the beakeris h (h << H, h <<r),as shown in the figure
on the right. Take this surface to be approximately
spherical with a radius of curvature R. Which of the
following is/are correct? (g is the acceleration due to
gravity)

W2 +r?

312
(a) R= (b) R= o

(c) Apparent depth of the bottom of the beaker is
-1
SH[ o’H ]
close to T 1+ ——

(d) Apparent depth of the bottom of the beaker is
3H[ oH ] :
closeto —— 14— | .
4 4g
A student skates up a ramp that makes an angle 30°
with the horizontal. He/she starts (as shown in the
figure) at the bottom of the ramp with speed v, and
wants to turn around over a semicircular path xyz of
radius R during which he/she reaches a maximum
height h (at point y) from the ground as shown in
the figure. Assume that the energy loss is negligible
and the force required for this turn at the highest
point is provided by his/her weight only. Then (g is
the acceleration due to gravity)




®) v3 —2gh=?gR

(c) the centripetal force required at points x and
z is zero

(d) the centripetal force required is maximum at
points x and z.

(a) vﬁ —Zgh=%gR

A rod of mass m and length L, pivoted at one of its
ends, is hanging vertically. -
A bullet of the same mass

moving at speed v strikes 5

the rod horizontally at a L
distance x from its pivoted
end and gets embedded in
it. The combined system
now rotates with angular
speed ® about the pivot. The maximum angular
speed w,, is achieved for x = x,,. Then

@) o= 3vx ) o= 12vx
2 +3x% 2 +124°
L v
(©) xpy=—Ff¢ (d) oy =—13
M= M =37

. In an X-ray tube, electrons emitted from a filament

(cathode) carrying current I hit a target (anode) at
a distance d from the cathode. The target is kept at
a potential V higher than the cathode resulting in
emission of continuous and characteristic X-rays.

1
If the filament current I is decreased to E, the
potential difference V is increased to 2V, and the
g ; d
separation distance d is reduced to 2 then

(a) the cut-off wavelength will reduce to half, and
the wavelengths of the characteristic X-rays
will remain the same

(b) the cut-off wavelength as well as the wavelengths
of the characteristic X-rays will remain the same

(c) the cut-off wavelength will reduce to half, and
the intensities of all the X-rays will decrease

(d) the cut-off wavelength will become two times larger,
and the intensity of all the X-rays will decrease.

. Two identical non-conducting solid spheres of

same mass and charge are suspended in air from a
common point by two non-conducting, massless
strings of same length. At equilibrium, the angle
between the strings is . The spheres are now
immersed in a dielectric liquid of density 800 kg m™
and dielectric constant 21. If the angle between the

strings remains the same after the immersion, then

(a) electric force between the spheres remains
unchanged

(b) electric force between the spheres reduces

(¢c) mass density of the spheres is 840 kg m™

(d) the tension in the strings holding the spheres
remains unchanged.

. Starting at time ¢ = 0 from the origin with speed

1ms™',a particle follows a two-dimensional trajectory

in the x-y plane so that its coordinates are related by
2
the equation y = 17 The x and y components of its

acceleration are denoted by a, and a,, respectively.

Then

(a) a,=1ms? implies that when the particle is at
the origin, a,=1 ms™

(b) a, = 0 implies a,=1 ms~2 at all times

(c) at t=0, the particle’s velocity points in the
x-direction

(d) a, = 0 implies that at t =1 s, the angle between
the particle’s velocity and the x axis is 45°.

SECTION 3 (Maximum Marks : 24)

14.

This section contains SIX (06) questions. The answer to each
question is a NUMERICAL VALUE.

For each question, enter the correct numerical value of the
answer using the mouse and the on-screen virtual numeric
keypad in the place designated to enter the answer. If
the numerical value has more than two decimal places,
truncate/round-off the value to TWO decimal places.

Answer to each will be to the

following scheme:

Full Marks : +4 If ONLY the correct numerical value
is entered;

Zero Marks : 0 In all other cases.

. A spherical bubble inside water has radius R. Take

the pressure inside the bubble and the water pressure
to be py. The bubble now gets compressed radially
in an adiabatic manner so that its radius becomes
(R - a). For a << R the magnitude of the work
done in the process is given by (41rp0Rn2)X, where
A C, a1
X is a constant and Y=—-=_—."The value of X
; C, 30
is
In the balanced condition, the values of the
resistances of the four arms of a Wheatstone
bridge are shown in the figure. The resistance R,
has temperature coefficient 0.0004°C™". If the
temperature of R; is increased by 100°C, the voltage
developed between S and T will be volt.

®
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Ry =100 Q

VWWV

the self-inductance of the inductors, resistances,
mutual-inductance and applied voltages are
specified in the given circuit. After both the
switches are closed simultaneously, the total work
done by the batteries against the induced EMF in
the inductors by the time the currents reach their

Ry =500 Q steady state values is, m].
Ry =5Q Ry =10Q
15. Two  capacitors  with  capacitance  values =
C, = 2000 + 10 pF and C, = 3000 + 15 pF are EgE b
connected in series. The voltage applied across this B 5
combination is V = 5.00 + 0.02 V. The percentage é Ky -y
error in the calculation of the energy stored in this Ly
combination of capacitors is
16. A cubical solid aluminium block 18- Acontainer with 1 kg of water in it is kept in sunlight,
dp which causes the water to get warmer than the
(bulk modulus =_Vd_V =70GPa ] has an edge surroundings. The average energy per unit time per
. A " N =9
length of 1 m on the surface of the earth. It is kept un:jt :{ea ;ece:/e;i:utehto th‘e sunlight 1sﬁ70? Wm
i and it is absorbed by the water over an effective area
oL ﬂoor. a8 5.k Ceepiacenn. T-akmg he 0£0.05m”. Assuming that the heat loss from the water
average density of water and the acceleration due to St 5
gravity to be 10° kg m™ and 10 ms™%, respectively, to th'e surroul.mdmgs is g.ovSrne.d by Newton's law of
the change in the edge length of the block in mm is cooling, the difference (in °C) in the temperature of
water and the surroundings after a long time will
- o be . (Ignore effect of the container, and take
17. The inductors of two LR circuits are placed next constant for Newton's law of cooling = 0.001 s—l,
to each other, as shown in the figure. The values of Heat capacity of water = 4200 ] kg™ K™)
SOLUTIONS
PAPER-1 Then according to Newton’s third law of motion,
1. (a) : When the football is about to roll, but not yet Zn e:ual and OPP}?'Si: force is;pgl'ied on }tlhe dise
started to roll, the situation is given in the figure. ¥t & magnet, which rolates the cisc on'fue same
direction as that of the magnet.
N
3. (b)
4. (b): Here, the net torque acting on the coil due to
Mgsind the external magnetic field is B,
Mgcos0 5] T=|x By | = NiA x By = NiAB, sin90°
i +Q |-Q
In equilibrium, the net torque acting on the body €
is zero.
i.e, (Mgcos®)r=(Mgsin 0)\/R2 -
ortanf= or sin@="
R% 12 R
2. (b):Due to the motion of magnet, an induced By

®

e.m.f is produced on the disc, which according to
the Lenz law, opposes the motion of the magnet.
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We know that the change in angular momentum,



o

AL = tAt= [tdt = [ NiABydt
= NAB, [idt = NAB,Q
or AL = NTtR’B,Q

[ Jidt=Ql
Glass

R
(a): ;
e
o
_—

Since the upper and lower part of the wavefront
has to travel a larger distance through glass, the
emerging wavefront will be similar to that given in
option (a).

(b) : Initially the water level was 0.29 m = 29 cm

ilOCm E

A B
Now the pressure at point A = pressure at point B
i.e., Py + pighy + p,g(29 - h) = Py + p,g (29 + h)
Pl + Py (29 - h) = p,(29 + h)
800 x 10 + 1000 (29 - h) = 1000(29 + h)
= h=4cm
hl B 10cm+29cm=-4cm _ 35
h,  29cm+4cm 33
(b, ¢) : Given potential energy m
V(r) = Fr (1)
The force acting on the particle,
dv(r)
T

Now, this force provides the necessary centripetal

29 cm
29 cm
h

=~—F, which is a constant

force to the particle to be in its circular orbit. Then
=2 (i)
r

where v is the velocity of the particle.

Now according to Bohr’s postulate, the angular

momentum of the particle.
h

mvr=n— ..(iii)

2n

From (i), (ii) and (iii), we have

whE V3
ar)
2mm®

..(iv)

= veen? and recnd
Now, the kinetic energy of the particle

2
K=%mvz=ﬂ o 2

T
and potential energy is given by, V(r) = Fr
The total energy E = V(r) + K =%p,_

Substituting the value of r from equation (iv)

3(wEU ]
F==
2| an’m

(b, ¢, d) : Given: surface area of filament,
A=64mm? T=2500K

Then from Stefan-Boltzmann law, power radiated
P=0AeT =5.67x 1078 x 64 x 107° x 1 x (2500)*
=142x10° =142 W

Now the radiated power entering the observer’s eye,

where d is the distance of the observer and r is the
radius of the eye.

; 1492 W T
Pl=————x3.14x(3%107°)

4x3.14x(100)>
=320x10°W
From Wien’s displacement law, the wavelength
corresponding to maximum intensity,
_b_290x107
"TT T 2500
The total number of photons entering the eye

2 =1.16x10"°m =1160 nm

it 320x107% - 3.20x107 x1740x 10
he 6.63x107* x3x10°
=2.80 x 10" photons

(a, b) : Given [position] = [X"] ; [speed] = (x#)
[acceleration] = [X?] ; [linear momentum] = [X?]
[force] = [X]

linear momentum my v
Now, —————————= =
force

_speed  _v_ xB-p)
acceleration a
q-r=PB-porP=q+p-r
Now from equation of motion,
(speed)Z = 2(acceleration) x (position)
XP=XxP** or a+p=2p

But
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10. (b, ¢) :

D

(8 ¢ d):

Here the force due
to electric field is acting
downwards, so the charge u
will be accelerated in the
- y direction.

5m |

=400V3 x10' ny/s?
The maximum range of the particle,

_uzsin29 (2410x10°)?sin20 _
a, 40043 x10'°
5
= st(-)—i—£ = 0=30°0r60°

(. For angle 9 or 90" - 0, horizontal range remains
the same.)

Total time taken by the projectile,

Time period, T = M

ay

2210 x10° )y
2004310

o)

I

_22310x10)sin30°
40043 x10"°

e P
i 2t

in60°

Consider a
small portion of metallic
strip with a negligible
breadth dr. Then the small
current through this strip,

d‘_=_V_(2, where R’ is the Vo

resistance offered by the
portion.
Yo
n
Pa
The total current passing through the strip,

1=jdi=j zdR_m ]

R prR pr R
Since, the current is in clockwise direction, the
electrons are moving in anti-clockwise direction.
Thus, the electric field which applies force on the
electrons, should be directed radially outwards, i.e.,
the outer. Surface of the strip is at a lower potential
compared to inner surface.

di=Yo - Yo (g i)

.(ii)
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12.

13.

Now, the current through the strip,
i = neAvy where v, is the drift velocity.
di = nevydA = nev,tdR

\%
From (i), —0_tdR =nevytdR
prR

or Yo =nev,; or v; = Vo L
PR d d prne R ...(1ii)
V2
Now forceonelectron eE = mvd g !

R R P 2n2n?e? R2

= E=L3 or Ev:i3
R

-k

Now, dV ==EdR= —dR— k o vd

From (ii) and (iii), Av« P
(a, b, ¢) : Since ny > ny, the fluid will flow towards
first vessel. Then force, F= AP- S = (P, - P,)S
= (mRT - n,RT)S = (n) - ny)RTS
= AnRTS = Anky TS (i)
S

Given: Viscous force f = Bv for each molecule

Total force, ny x $ x I x fv = n;SIBv (i)
From (i) and (ii)
mSIBv = AnkgTS or nlfv = AnkgT ..(iii)
dN _mSl _nSl
—=——=——=nS8v
att 1
v

From equation (iii), o mSv
dt

s AnkBT AnkBTS
nip Bl

Since An changes with time, an also changes with
time. dt

(25.60) : Intially in equilibrium, N,(50) = N,(40)

L 50cm 40 cm R

Ny N;
Now when the left finger moves towards the centre:

L & 40cm SR

X
Ny Ny

For equilibrium N';x = N,’(40) (1)
and fyN," = fiN,"or 0.32 N, = 0.40 N’ (i)



. (3.65)
. (1.78) : Intially the gas is expanding isothermally.

. (0.63) :

40
From (i) and (ii), x=——-x0.32=32cm
0.40

When the right finger moves towards the centre
and reaches a distance xp from the centre, for

equilibrium
N,”(32) = N," x (i)
L 32cm XR R
K
Nl" NZII

and N," = fyN,” or 0.40N,”=032N,”
From (iii) and (iv)

ixo 32=25.6cm
0.40

..(iv)

g =
15. (3.14)

4V
Work done, Wi =nRTIn—+ =2nRT In2
1

Now for an adiabatic process,
TV!~'= constant
= T1(4V1)Y' 12 T2(32V1)7‘ 1

T=1, 32’ =Ty@)"!
v

For helium gas, y = ;
LI 2
= T2(8)3 =T, @®)?
or ;) =4T, or T, =§ and T, =T

Now work done during adiabatic process,

W
W,

2nRTIn2 16 16
L

For resonance to occur, the frequency
should be,

\4
= :—L , where n is a positive odd integer.

Now let the initial resonant frequency be
Vv
fo= i
where L, is the initial length of the tube.
Now, since the fork is moving towards or away from
the tube, the new frequency

. (6.40) :

f= [Vj:V ]f" (32302:2)f°
-5 o (G2 o

v v
3184L,  3224L
v
L=—r
The new length, L, i
_ Vx318x4L 322x4LV
T 4x320xV 320x4V
L= 318Ll or ﬁLl
320 320

Fraction change in length, % =6.25x107°

AL
Percentage change in length = T x100=0.625%

Consider an element of thickness dr of
radius r in the given disc.
The charge on this element,
dQ = 6dA = o(2nr) dr
Total charge enclosed by the disc of radius R is

Ny

R
Qg =[dQ=[o2nrdr
0

& r
= JchD (l— —)rdr
0 R

RZ
=NGCy——
073 .
. _QR _nooR )
. Gp= e 3 .. (i)

R/4
For a sphere of radius R/4, Qg4 = I o(2nr)dr
0

5 216k’
o Quu=1;"16
o= Qi _ 5 2m06R” . (i)
€ 12 16
From equation (i) and (ii), ¢—° =6.40
PAPER-2
1. 3 2. (9 3. (6) 4. (49 5
6. 6) 7. (ad) 8 (3,d) 9. (acd 10. (3,0
11. (b 12. (abcd 13. (2.05) 14. (0.27) 15. (1.30)
16. (0.24) 17. (55.00) 18. (8.33)

e

®
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1. Assume that the displacement(s) of air is
proportional to the pressure difference (AP) created by
a sound wave. Displacement(s) further depends on the
speed of sound (v), density of air (p) and the frequency (f).
If AP ~ 10 Pa, v~ 300 m/s, p ~ 1 kg/m?and f~ 1000 Hz,
then s will be of the order of (take the multiplicative
constant to be 1)

(a) i mm

(b) 10 mm
100
© —mm (d) 1mm
10
2. Activities of three
radioactive substances A, 6
B and C are represented
by the curves A, Band C e A

in the figure. Then their
halflives Ty/5(A) : Ty2(B)
: Ty/5(C) are in the ratio 0 5 0
(@) 2:1:1 (b) 3:2:1
() 2:1:3 (d) 4:3:1

3. A balloon is moving up
in air vertically above a point
A on the ground. When it is
at a height hy, a girl standing
ata distance d (point B) from
A (see figure) sees it at an
angle 45° with respect to the
vertical. When the balloon
climbs up a further height h;, it is seen at an angle 60°
with respect to the vertical if the girl moves further by a
distance 2.464 d (point C). Then the height h; is (given
tan 30° = 0.5774)
(a) l.464d

(c) 0.464d

2]

(b) 0.732d
(d) d
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4. An electron is constructed to move along the
y-axis with a speed of 0.1 ¢ (c is the speed of light) in
the presence of electromagnetic wave, whose electric
field is E=30;sin(.5x10"t-5x10"2x) Vm™. The
maximum magnetic force experienced by the electron
will be (given ¢ = 3 x 10® m s™! and electron charge
=16x107C)

(a) 32x107¥N
(c) 48x10°°N

(b) 24x107¥N
d) 1.6x100°N

5. Ahelicopter rises from rest on the ground vertically
upwards with a constant acceleration g. A food packet
is dropped from the helicopter when it is at a height h.
The time taken by the packet to reach the ground is
close to [g is the acceleration due to gravity]

(a) t=E {ﬁJ (b) t=18 (ﬁ)
3\\g g

0 =) @ e fE)
g 3¢

6. A galvanometer of resistance G is converted into a
voltmeter of range 0-1 V by connecting a resistance R,
in series with it. The additional resistance that should be
connected in series with R, to increase the range of the
voltmeter to 0-2 V will be

(@) G (b) R, (© R-G (d) R +G

7. Two capacitors of capacitances C and 2C are
charged to potential differences V and 2V respectively.
These are then connected in parallel in such a manner
that the positive terminal of one is connected to the
negative terminal of the other. The final energy of this
configuration is

(a) 25CVz (b) %CV2 (c) zero

9 2
= =Cv*
6 @ 2



8. With increasing biasing voltage of a photodiode,

the photocurrent magnitude

(a) remains constant

(b) increases initially and after attaining certain value,
it decreases

(c) increases linearly

(d) increases initially and saturates finally.

9. The value of the acceleration due to gravity is g, at
aheighth= % (R = radius of the earth) from the surface

of the earth. It is again equal to g at a depth d below the

surface of the earth. The ratio (% ) equals

4 5 1 7
(a) 9 (b) 5 () 3 (d) °
10. A solid sphere of radius R carries a charge Q + q
distributed uniformly over its volume. A very small
point like a piece of it of mass m gets detached from
the bottom of the sphere and falls down vertically
under gravity. This piece carries charge q. If it acquires
a speed v when it has fallen through a vertical height y
(see figure), then (assume the remaining portion to be
spherical)

2. 9Q
(a) v y[4m°k2ym+g]

b) v*= y[L.fg]

4negR(R+y)m

(©) v?=2y Ld'g
dmey(R+y)* m
z— ——

@ v _zy[4xaok(k+y)m+g]

11. A wheel is rotating freely with an angular speed ©
on a shaft. The moment of inertia of the wheel is I and
the moment of inertia of the shaft is negligible. Another
wheel of moment of inertia 3/ initially at rest is suddenly
coupled to the same shaft. The resultant fractional loss
in the kinetic energy of the system is

5 1 3

(a) = ®) 7 (©) 0 (d) 1

12. For a concave lens of focal length f, the relation
between  object and image distances u and v,
respectively, from its pole can best be represented by
(u = v is the reference line)

(@) fmmmmefoe= =
s u u

K u=y, Y U=y,
(©) fpe==—esfi=s mese (d) Jloofeop——cssen
f u f u

13. Three different process
that can occur in an ideal
monoatomic gas are shown in
the P versus V diagram. The
paths are labelled as A — B,
A — C and A — D. The
change in internal energies
during these processes are
taken as Ejp, E5c and E4p and the work done as Wyp,
Wy and W,p. The correct relation between these
parameters are

(@) Eap=Eac<Eap, Wap>0, Wac=0, Wyp<0

(b) Egp=Esc=Esp, Wap>0, Wyc=0, Wyp>0

(c) Exp<Esc<Eap, Wap>0, Wye> Wap

(d) Eap> Eac> Eap Wap< Wac < Wap.

14. Number of molecules in a volume of 4 cm? of a
perfect monoatomic gas at some temperature T and at a
pressure of 2 cm of mercury is close to ? (Given, mean
kinetic energy of a molecule (at T) is 4 x 1074 erg,
£ =980 cm s2, density of mercury = 13.6 g cm™)

(a) 4.0x10'8 (b) 4.0x 106

(c) 5.8x10' (d) 5.8x10'8

15. A square loop of side 2a, and carrying current I, is
kept in XZ plane with its centre at origin. A long wire
carrying the same current [ is placed parallel to the
Z-axis and passing through the point (0, b, 0), (b > > a).
The magnitude of the torque on the loop about Z-axis is
given by

2.3
polzaz Hol'a
—_— b
@ S ®)
23
2;1,]Izaz 2pgl%a
© b @ nb?
16. A physical quantity z depends on four observables
2,213

a,b,candd,as z=

= The percentages of error in
the measurement of a, b, ¢ and d are 2%, 1.5%, 4% and
2.5% respectively. The percentage of error in z is

(a) 12.25% (b) 16.5% (c) 13.5% (d) 14.5%
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17. A hollow spherical shell at outer radius R floats just
submerged under the water surface. The inner radius of
the shell is r. If the specific gravity of the shell material

is % with respect to water, the value of r is
8 4 2 1
=R b) —R -R d) -R
(a) ry (b) Py (c) 3 (d) 3

18. Inaresonancetube experiment the tubeis filled with
water upto a height of 17.0 cm from bottom, it resonates
with a given tuning fork. When the water level is raised
the next resonance with the same tuning fork occurs at
a height of 24.5 cm. If the velocity of sound in air is
330 m 57!, the tuning fork frequency is

(a) 2200 Hz (b) 550 Hz

(c) 1100 Hz (d) 3300 Hz

19. A electrical power line, having a total resistance
of 2 Q, delivers 1 kW at 220 V. The efficiency of the
tr ission line is approxi ly
(@) 72% (b) 91% (c) 85% (d) 96%

20. A bullet of mass 5 g, travelling with a speed of
210 m 57}, strikes a fixed wooden target. One half of its
kinetic energy is converted into heat in the bullet while
the other half is converted into heat in the wood. The
rise of temperature of the bullet if the specific heat of
its material is 0.030 cal g°C™! (1 cal = 4.2 x 107 ergs)
close to

(a) 87.5°C (b) 83.3°C (c) 119.2°C (d) 38.4°C

21. A force F:(f+2}+3l?)N
(41{'+3}—I/(\)m. Then the magnitude of torque about

the point (?+2}+l/(\) m will be Jx Nm. The value of
xis

acts at a point

22. A beam of electrons of energy E scatters from a
target having atomic spacing of 1 A. The first maximum
intensity occurs at 6 = 60°. Then E (in eV) is

(Planck constant, h = 6.64 x 1034 ] 5,1 eV = 1.6 x 10~ ‘9]
electron mass m = 9.1 x 10-3! kg)

23. A particle of mass 200 MeV/c? collides with a
hydrogen atom at rest. Soon after the collision the
particle comes to rest, and the atom recoils and goes to
its first excited state. The initial kinetic energy of the

particle (in eV) is % . The value of Nis ______

(Given the mass of the hydrogen atom to be 1 GeV/c?)

24. A compound microscope consists of an objective
lens of focal length 1 cm and an eye piece of focal length

2¢)
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5 cm with a separation of 10 cm. The distance between
an object and the objective lens, at which the strain on

the eye is minimum is % cm. The value of nis

25. Two concentric circular coils, Cy and C,, are placed
in the XY plane. C, has 500 turns and a radius of 1 cm.
C, has 200 turns and radius of 20 cm. C, carries a time
dependent current I(f) = (5t2 - 2t + 3) A where tisin's.
The emf induced in C; (in mV), at the instant t = 1 s is
4 The value of x is

X

SOLUTIONS

1. (a)

2. (c) : Rate of disintegration, R = Roe™™
InR = InRy - At
6 10 :
Aa= E:n:;lnz ..(1)
5In2
A= §=7Ts= i (i)
ham s C=5';‘2 .. (i)
From eq. (i), (ii) and (iii), we get
l0:512“2:1:3
6 6 6
1 1 1
——i—1:2:1:3
Ay Ap e
3. (d):%l =tan45° > h =d (D)
Irhy_onsee
d+2464d
= (b +hy) =05774 x 3.464 d; (hy + hy) =2.0d
= d+hy=2d
= hy=d (Using eq. (i)

4. (c):We know that, E = E, sin (kt - ox)
Given, E=30j sin (1.5 x 107 t - 5 x 102 x) V m"!

) E,
In electromagnetic wave, €

0 E,
So, maximum value of magnetic field, By ==
c

The maximum magnetic force experienced by the
electron will be,
Fipax = qVBpay sin 90°

E,
=qu° =16x107"9x0.1x30=48x10"""N

5. (c) : For upward motion of helicopter.
From equation of motion, v = u? + 2as



= u?=0+2gh > u= JZgh ...(0)
This is initial velocity of packet in upward direction.
Now food packet will start moving under gravity,
v = u? + 2as
v? = 2gh + 2gh
v= J4gh
This is the velocity of packet just before hitting the
ground.
We know, v = u + at

Jighe-igieg = 1= [ gy b
& g g
I, R,

6. (d): ;‘ @ MM

1=1(G +R,)) ..(0)
£
: Ry Ry
2=1(G + Ry + Ry
Divide eq. (i) by (ii),

G+R
=5, Lo L G4R +R=2G+2R,

27 G+R +R,
> G=R,-R;;R,=G+R,
7. (b): Initially,

= =

Q,=CV;Q;=2Cx2V=4CV
= By conservation of charge

(Using eq. (i)

...(id)

qi = qf
4CV-CV=(C+20)V'
Common potential, V' = V

Energy = % cv?

21 2_3 o2
-Zx(SC)xV-ZCV

8. (d):I-V characteristic P
of a photodiode is shown

in the given figure.

On increasing the potential s
difference, the current first LS
increases and then attains pA
saturation.

9. (b): Acceleration due to gravity, g = G—I;'l
R

At height, h = g the acceleration due to gravity is,

g M D)
-1
GM(R-d)
At depth d, & =T ...(ii)
Given that, g, = g,
GM _GM(R-d) _4_R-d
=/ o2
Gy ©
25

= 4R=9R-9d =

10. (d)
11. (d): By angular momentum conservation

ol +31x0 = 4lo’
0}

n
(KE); = L10?; (KE), = lx(u)x(e)z:'i
ST TS 4 8

=

=
9

= o=

AKE. = (KE), - (KE); = %Imz

A
Fractional loss,

—Iw
2
12. (a) : By using relation, v = % ()
Case-1:Ifv=u
= f+u=f (Using eq. (i)
= u=f-f=0
Case-1I: If u =
thenv=f (Using eq. (i)

So, option (a) is correct answer.
13. (*) : At constant pressure, AU = nC,AT is same.
In process A — B there is change in volume and
pressure is constant.
Work done = area under P - V curve
As area under the P - V curve is increases for
A — B process.

Wap>0
In process A — C, there is no change in volume in
isochoric process.

Wac=0
In process A — D, volume is decreasing

Wup < 0.
*None of the given options are correct.

14. (a) : Given, K.E. = 4 x 10714 erg

(. PV = kT)

25}

KE = 2pv=2kT
2 2
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KE. = 2kT=4x 10 erg; KE. = RT = 5x 104
2 30

From ideal gas equation, PV = nRT

e ﬂ=p)8(gxhxv =2x980x13;61.‘x4x3=4xmlg
RT 810 8x10
3
15. (c) : The magnitude of Y

torque on the loop is given

by,
1 = MB sinf -.() l”
X

Here, M = IA = I(2a)? L7
Mol _mol

dB= ~0- =20 (.d=}p

= i = )z

From equation (i), T = MB sin 90°

nol _2m,a’r’

1=4a’Ix 2
2nb nb
2,23
a‘b
16. (d): Here, z=
Ved?
Ac_28a 28b 1Ac 3Ad
z a 3b 2c d
(Aeron)n-( 202,20, 10c 3041, 1
z a 3b 2c¢ d

The percentage error in z,
= (2x2+§x1.5+%x4+3x2.5)% = 14.5%

17. (a) : In equilibrium Buoyant force is Fg = mg

3
4 4 : r P,
e N A

113 o
3 /3
—'—=£=L—(B] S _ossrR=2R
R* 27 R \27 3 9
18. (a) : A resonance tube is an organ pipe closed at
one end. If L, and L, be the first and second resonance
lengths with a tuning fork of frequency v, then the
speed of sound in air is given by, v = 2v (L, - L))
= vi=2u(,-L)) (-v=v1)
= A=2(L;-L)=2x(245-17)=>A=15cm
and v =vA = 330 = v x 15 x 1072

u=% x 100 = 2200 Hz

1

19. (d): Here, R=2Q,P=1kW, V=220V

2
Power dissipated, P = VI = PR = (%Q] x2 =41 W

Total potential difference

x100%
emf

Efficiency, n=
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_ 1000 1000
1000+ IR 1000+41
20. (a): Given,m =5g; v=210ms!

X100 =96%

As W=]Q = (%mvzlxi =] x msAT

2 2
or AT= . 7(210)
4]s 4x4.200x30

21. (195) : Here, F=i+2j+3k

= 87.5°C

f=i+2j+ki =4i+3j-k
i=(f-R)XF 3 i=[(4;+3}—l2)—(f+2}+l;)><1‘~‘
=(3;+}—2IA()><(§+2}+3I:)
iJ ok
=3 1 -2[=7i-11j+5k
12 3
[7|=NE)? +(-11%+(5)° = V195 = x =195
22. (50.47) : Using Bragg’s formula,
2dsin® = ni
—34
2dsin60° = = —"— ;2 x 10710 x V3 _s6x107
\2mE 2 2mE
2 -48
by (6.64)* x10
2 9.1x10™ x3x1.6x107"°
23. (51) 24. (50)
25. (5) : Given,

=50.47 eV

dl
I=(s£-2t+3)= - =10t-2
Now, magnetic field produced by C, at its centre,
_HoIN,
2r)
Now magnetic flux linked with coil C,,

Namol
2r,
Induced emf across coil Cy,
—HoN Ny dr

2r, dt

012 =By XA = xmrf

do
£=—le=

Att=1s,
_ 4nx10”7 )(500)(200><1z><(l><10'2)2 x8
- 2x(20x1072)

40x1072

=4x019x103~4x02mV

or imV:x:S
5 P44
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Brush up your concepts to get high rank in NEET/JEE (Main and Advanced)
by reading this column. This specially designed column is updated year
after year by a panel of highly qualified teaching experts well-tuned to the

requirements of these Entrance Tests.

&

" Faraday’s Law of Induction

First law : Whenever there is change in magnetic
flux with respect to time for a coil or circuit, an emf
induced in it and remains in it till change in flux
takes place.
Second law : The magnitude of the induced emf is
directly proportional to the rate of change of flux
through the coil.
Mathematically, the induced emf is given by
40p

dt
The negative sign indicates the direction of € and
hence the direction of current in the closed loop.

£=—

Induced emf does not depend on nature of the coil
i.e. resistance.

Magnitude of induced emf is directly proportional
to the relative speed of coil and magnet system.

> Lenz's Law

This law states that the direction of induced current
in the coil is in such a way that it always opposes the
cause by which it is produced.

® ®

(Coil face behaves as
north pole to oppose the
v motion of magnet)

(Rest)

Electromagnetic Induction, Alternating Current
and Electromagnetic Waves

® O
N S (Coil face behaves as
south pole to oppose the
v motion of magnet)
(Rest)

d ST »
€ =(—)—‘D where negative sign indicates the Lenz’s law.

Direction of induced emf (&)
5 A
B
(decreasing)\J.
€ ) €

€

B % A
(increasing) %

e

Some basic induced parameters in a circuit

B
, (increasing) \ (decreasing)

» Average induced emf €, = _TAQ
t
» Instantaneous induced emf
= im [ 2 __do
At—0\ At dt

» Induced current flow at this instant in the

e _1(d
closed circuit I=—=—| a9
R R\ dt
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» In time interval df, induced charge dq = Idt= df 5

t t 2
» Induced heat H =‘[12Rdl =J€—dt i
R
0 0
» Induced electric field : A time varying magnetic

field (dB/dt) always produces induced electric
field in all space surrounding it. Induced emf

s=§l§m-dl'
do

As e=-22
S5

50 €=<§Em dT:—:—?

%; in cylindrical space

Concentric circular field
lines of E;, existing every
where (inside/outside) of
cylindrical space.
- Itis non conservative and non electrostatic
in nature.
- Its field lines are concentric circular closed
curves.
Induced emf may exist in an open circuit, but there
is no induced current and induced charge in the
open circuit.

Metal loop No induced current

Motional Electromotive Force

When a conducting rod moves in an external &~

magnetic field in such a way it cuts the field. Soall  «
the free electrons in the rod transfer from one end

to another end (C to D) and emf is induced in the
rod. This emf is known as motional emf.

emf induced within 4] c
de=(¥xB)-dl ®B
Net emf across the rod, dl7~K0

&= [(7xB)-d =vBlsin®
Induced electric field in the rod, D
=—(¥xB)=(Bx¥)
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If any two out of #,B and dI become parallel or
antiparallel, € will become zero.
Some special cases for motional emf :

>

1f0=90°i.e. v,Band | < ®F

are perpendicular to

each other. el ¢ -

Induced emf & = Bly At equilibrium
F,=F,and

D €=¢€n,,=Bvl

Rotating straight conductor :
emf induced in small element dx
de=(VxB) di =-vBdx

D D

. ®F / Y
dx -
1 s Z?nu/z)mt’
X
[0} [0}

(6] C
Net emf g= —Jdex = —ijxdx = ——Bu)l2

Negative sign |nd|cates that end C will be at
higher potential.
A rotating conducting disc : D ®B
Induced emf between
centre C and circumference
Dis
1 2
€=—BwR

A conductor of arbitrary shape :
Induced emf in this conductor
= Induced emf in straight
conductor connected between
Cand D

= Blv sin 0

Effect of Motional emf Developed in a Circuit
For a given circuit, if the metal rod moves with
uniform velocity v by an external agent then all the
induced parameters are possible in the circuit.

5 4
3 Uniform ! —lv: constant
b

|

Induced emf in the circuit € = Bvl

€
Current flows through the circuit I = s

Bvl
R



-

Retarding opposing force exerted on metal rod by
action of induced current
I:'m = I(TXE) ;E, =BIl where 0=90°
By
"R

External mechanical force required for uniform
velocity of metal rod
» For constant velocity resultant force on metal

rod must zero and for that F,,, = F,,

By

% Fexl F _T

» If(B,,R) = constant = F,ocv
For uniform motion of metal rod, mechanical power
delivered by external source is given as
Pinech = Pext = Foxt V= Feqv
2922
P.=p _ By

ext mech =
R

» 1f(B, |, R) = constant = P, o< v*
Thermal power developed across resistor

212 2
P, =I"R= (B"')ZR=B fv
R R

» It is clear that Py, = P, which is consistent
with the principle of conservation of energy.

Self Induction
When current through a coil changes with respect
to the time then magnetic flux linked with the coil
also changes with respect to time. Due to this an
emf and a current induced in the coil. According
to Lenz’s law induced current opposes the change
in magnetic flux. This phenomenon is called self
induction and a factor by virtue the coil shows
opposition for change in magnetic flux called self
inductance of coil.

When current through a coil is constant,

» I— B — ¢ — constant

= No electromagnetic induction

»  Total flux of coil (N$) =< current through the coil
Noo< I

(N, )
No=LI
= M = NBA = ¢:mal
I 1 1 1

flux lines
R,

where L is self inductance
of the coil.

(o — WA~
vV K

When current through a coil changes with respect
to time

> d—I d—B —->— dé = electromagnetic induction link
dt dt dt
» No=LI or, —N@=—Lﬂ,
dt dt
where =N :—? called self induced emf of coil €,.
€= -L ﬂ
dt

Self inductance always opposes the change of
current in a electric circuit so it is also called inertia
of the electric circuit.
For a real inductor
R L
=TT = —AAA—TO0000—
‘z:g R - L series combination

Role of L: To oppose the change in current. If
current becomes constant then there is no role of L.
Coefficient of self inductance of planar circular
coil N

L = HoN’nR i

Coefficient of self inductance of solenoid

HoN2A
=

= ponzAl = pOnZV

Here, V = volume of solenoid = Al
A = area of cross section of frame of solenoid

& Mutual Induction

Whenever current passing through a primary coil or
circuit changes with respect to time then magnetic
flux in a neighbouring secondary coil or circuit
will also changes with respect to time. According
to Lenz’s law for opposition of flux change an emf
and a current induced in the neighbouring coil
or circuit. This phenomenon is called as mutual
induction.

air gap

(N|-¢| Bh 1)

(N, 42, By, Ly)

s (I

primary A

secondary
)

_| R,
Duc to air gap always ¢, < ¢, and ¢, = B)A,

G
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«  When current through primary coil is constant,

» Total flux linked into secondary coil is directly
proportional to the current flowing through the
primary coil.

> Ny Iy, Nyoy = MI

M=ot _NoBidy _ @)
I I I,
where M is mutual inductance of circuits.

*  When current through primary coil changes with

respect to time,
Lol By doydo,
dt dt dt dt
= Electromagnetic induction link

do dl
> Nyo,=MI,or, -de—f=- d_:l’

d
where (-Nz % ] called total mutual induced emf

of secondary coil g,,,.
dI,
g, =-M|—L
--(3)

«  Mutual inductance of two concentric

W
and coplanar coils l’
NN e D )i
M. =HoNiNomn
ac -~ 2
n n>>r
« Mutual inductance of two co-axial solenoids
_HoNiN>A
Mg, = 1

Combination of Inductors

* Two inductors of inductances L, and L, are
connected in series and are kept apart so that their
mutual inductance is negligible, then the equivalent
inductance of the combination is given by
Ls=L,+1L,

« Two inductors of self-inductance L, and L,

are connected in series and they have mutual

inductance M, then the equivalent inductance of

the combination is given by

L=L+L,+2M

The plus sign occurs if windings in the two coils

are in the same sense, while minus sign occurs if

windings are in opposite sense.

5]
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Two inductors of inductances L, and L, are
connected in parallel and are kept far apart so that
mutual inductance between them is negligible, then
their equivalent inductance is given by

1 11 LL,

—_—=—t—
L L L 1+ L

r L=

Current growth in an LR circuit

Emf equation: V =IR+ L%

v Switch

Current at any instant : When key is closed the
current in circuit increases exponentially with
respect to time. The current in circuit at any instant
tis given by

I=1y(1-¢")

Just after the closing of key, inductance behaves like
open circuit and current in circuit is zero.

Some time after closing of the key inductance
behaves like short circuit and current in circuit is
constant.

(Open circuit, t =0,1=0)
(Inductor provide infinite resistance)

R (Short circuit, t — e, I — I)
(Inductor provide zero resistance)
_f_l [EE

I =% (maximum or peak value of current)

»  Peak value of current in circuit does not depend
on self inductance of coil.

Time constant : It is a time in which current

increases up to 63% or 0.63 times of peak current

L
value. t=—
R
I (dl/dt)
0.63 ;D L
=y Exponential
growth
t=0 t=1 :




-

-

Current decay in an LR circuit

Emf equation : IR +L§=O

—WW—T00000—
Initially, S, : ON R L
S, : OFF S,
Finally, S, : OFF <
S,:ON
\'’4

Current at any instant : Once current acquires its
final maximum steady value, if suddenly required
switching positions (S; and §,) are interchanged
then current starts decreasing exponentially with
respect to time. The current in the circuit at any
instant  is given by

I=he'r

» Just after opening of key t=0= [ = Iy= %

»  Some time after opening of key t —>e0 => [, — 0
Time constant (t) : It is a time in which current
decreases up to 37% or 0.37 times of peak current

value t= L
R

(d1/d)]

(V/LY-

Exponential
decay

Exponential
decay

L ey

Fundamental of Alternating Current

Voltage or current is said to be alternating if it
changes continuously magnitude and periodic in
direction with the time. It can be represented by a
sine curve or cosine curve.

I=Iysin ot or I = I cos ot

I = Instantaneous value of current at time ¢

I = Amplitude or peak value

= Angular frequency (rad s'l) = 2?" =21

T = Time period, v = Frequency

I

ol

.’u

I'as a sine function of ¢ Ias a cosine function of t

Average value or mean value
» The mean value of ac over any half cycle is that
value of dc which would send same amount
of charge through a circuit as is sent by the ac
through same circuit in the same time.
»  Average value of current for half cycle
T/2

| 1ae

0
< =
1= T

12

J dt

0

»  Average value of I = I, sin wt over the positive
half cycle :

Root mean square (rms) value

» Itis that value of dc which would produce same
heat in a given resistance in a given time as is
done by the alternating current when passed
through the same resistance for the same time.

T 1 :
B } [, Pt ] |, U sinorydt

" [ [ a

1 (T|1=cos2ot | _ Iy
h [ 2 ]d' A
» rms value = virtual value = apparent value
Phase : I = I sin (0t = ¢)

» Initial phase = ¢ (it does not change with time)

I

=I°

» Instantaneous phase = t (it changes with time)

Phase difference :

V= Vysin (of + ¢,), I = I sin (0t + ¢,)

» Phase difference of I with respect to V/
0=0,-¢

» Phase difference of V with respect to I
0=0,-0,

VleadsIorIlags V— It means, V reaches maximum

before I.

Let if V= V; sin of then

I=I;sin (0t - §) VI

and if V= Vjsin (ot + ¢) ot

then I = I sin ot

I=1Ijsin (0t - )

V=V, sin ot

1)
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e VlagsIorIleads V— It means, V reaches maximum after I

Letif V= V sin ot then

I=1I,sin (ot + )

and if V= V; sin (0t - ¢)

then I = I sin ot

« Components L, C and R in ac circuit separately

I=1Isin (ot + ¢)

wt

V= Vysin ot

Term R L C
Circuit R L C
Supply voltage V=V, sin ot V= Vysinot V = V; sin ot
Current I= I sin wt
s I=1ysin| wt=1 I=Iysin| ot +2
2 2
Peak current V. V.
Ip= =0 Iy= 1L Iy= Yo
R oL 1/oC
Impedance (Q)
g Yo_p Yo _wL=x, L/ Y 3
Vo _Voms 1 I Iy oC
To Loms R = Resistance X, = Inductive reactance X¢ = Capacitive reactance
Phasedi(ferenccand zero +X (VieadsI) _r (Vlags )
Phasor diagram (V and I are in same phase) 2 v 2 l— 1
’
Vv L—] \'%4
Variation of Zwithv | R Xy Xc g
I Rdoesnot Xy v Qﬁ
Ly dependonv v v
G.5i.Sc G=2 = conductance Sp= = Sc= =
(mho, seiman) R X X
Inductive susceptance Capacitive susceptance
Behaviour of device | Same in ac and dc L passes dc easily (because | C blocks dc (because X¢: = <)
in dc and ac X = 0) while gives a high | while provides an easy path
impedance for the ac of high | for the ac of high frequency
frequency (X; =< v) [ e 1
v
Ohm’s law Vr=1IR vV =IX; Ve=1IXc
@ Combination of R- L, R~ Cand L~ Cin an ac circuit
Term R-L R-C L-C
Circuit R L R C L C
I'is same in Rand L I'is same in Rand C Iis same in L and C

@
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Phasor diagram i VB Vi n
vV
1,Ve = Ve
200202 =\ =
VE=VE+VE Alvaio V=V, -V (VL>Vo)
REYC V=Vc-V, (Ve> V)
Phase difference

between Vand I Vleads I (0 to g )

Vlags I (—g toO]

Vlags I (-g if Xe > X, )

Vleads I (+;, ifX; >Xc ]
Impedance -
P z=|R+x} Z=\R+x2 Z=|X; X |
At very low v Z=R(X; —0) Z=Xc Z=Xc
At very highv z=Xx; Z=R (X;—0) Z=X;

@ Series LCR Circuit
+ Circuit diagram

=
~
o

I'is same for R, L and C.

« Phasor diagram
Vi
l_'
veh R

» 1fV; > Vcthen

Vi Ve
!
Vr
» If Vo> Vi then
Vi

1
Ve-Vi

.

V=2, -V, Z2= R +(X, - X )
X, =Xe _Vi-Ve

« Impedance triangle
Z,
X=X -X
R Vi ,(A e

» V=IZ Vg=IR, V,=IX;, Vo =IX¢

tan¢=

@ Resonance in Series LCR Circuit
« A circuit is said to be resonant when the natural
frequency of the circuit is equal to frequency of the

applied voltage. For resonance both L and C must
be present in circuit.

At resonance,

» Xp=Xc, V=Ve

» ¢ =0(VandIare in same phase)

» Zyin=R 1 4

max =E

Resonance frequency: . X} = Xc = oL = LC
(0]

1 1

[0} 7 or,v, Sl

Variation of Z with v

» Ifv < v, then X; < X¢, circuit is capacitive, ¢
(negative).

»  Atv=v,, X, = X, circuit is resistive, ¢ = zero.

» If v > v, then X; > X circuit is inductive, ¢
(positive).

As v increases, Z first decreases then increases,

21
R
v, v—
Variation of I with v
Imnx --------- T
1 H Ve
F ’ Inax= g
1| /i-Av-
|
VY0, T

as v increases, I first increases then decreases.
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At resonance impedance of the series resonant

circuit is minimum so it is called acceptor circuit

as it most readily accepts that current out of many

currents whose frequency is equal to its natural

frequency. In radio or TV tuning we receive the

desired station by making the frequency of the

circuit equal to that of the desired station.

Band width Av = v, - v,

Quality factor (Q) : Q-factor of ac circuit basically

gives an idea about stored energy and lost energy.

Q=21 maximum energy stored per cycle
maximum energy lost per cycle

» It represents the sharpness of resonance.

» Itis unitless and dimensionless quantity.

R R R

sl ‘ﬁ o %
RNC Av band width
»  Sharpness o< quality factor

R decrease = Q increases => sharpness
increases
Power in ac circuit
Let V = Vjsin wt and I = I sin (0t - ¢)
Instantaneous power P = V, sin ot-I; sin (of - ¢)
=V, I sin ot (sin o cos ¢ - sind cos of)
Average power <P>

T
= %I(Volo sin® ot cos§—Vy I, sint cos t sind)dt

<P =<P>=V, I

0
_ Volpcosd
>= 2 rms “rms

cosh

rms power P, = V,,,.. L.,

_ Average power
Power factor (cos ¢) = P

R rms power
cosh=—

z
Power dissipation is maximum in resistive circuit
or at resonance in a LCR series circuit.
No power is dissipated in purely inductive or
capacitive circuit even a current is flowing in the

& 3 s = :

circuit ( o= ) } This current is refered as wattless
current.
Power is dissipated only in resistor even circuit has
RL, RC or LCR combination.
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Choke Coil
Circuit with a choke coil is a series L - R circuit. If
resistance of choke coil = r (very small). Current in

the circuit, I=%with Z=\(R+1r)* +(wL)*

It has a high inductance and negligible resistance
coil.
Itis used to control current in ac circuit at negligible
power loss.
V4 r r
cosh=_=———==—-0
Z /,2 +a?2 OL

Resistance of an ideal coil is zero.

LC Oscillation

The oscillation of energy between capacitor (electric
field energy) and inductor (magnetic field energy)
is called LC-oscillation.

1
Frequency of oscillation, V=—7=—
LS 2nJLC
If charge varies sinusoidally with time t as
q = qq cos ot then current varies periodically with ¢
dq T
as [ =—=g,wcos| ot +—
ar B ( 2 ]
If initial charge on the capacitor is g, then electrical
2
energy stored in capacitor is Uy = %%’
If the capacitor is fully discharged, then total
electrical energy is stored in the inductor in the
form of magnetic energy.

1
Ug= ELI& , where I = Maximum current

Transformer
A transformer is an electrical device which is used
for changing alternating voltages. It is based on the
phenomenon of mutual induction.
If it is assumed that there is no loss of energy in
the transformer then the power input = the power
output, and since P = I x V then

IpVp=1IVs
Although some energy is always lost, this is a good
approximation, since a well designed transformer
may have an efficiency of more than 95%.
I _Vs _Ns
Ig Vp Np
A transformer affects the voltage and current. We
have



@
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N N
Vs =[N—5 ]v,, and I ={N—P ]IP
P S

Now, if Ng > Np, the voltage is stepped up
(Vg > Vp). This type of arrangement is called a step-
up transformer.

If Ng < Np, we have a step-down transformer. In
this case Vg < Vpand I > Ip. The voltage is stepped
down and the current is increased.

Displacement Current

Maxwell assumed that a current also flows in the
gap between the two plates of a capacitor, during
the process of charging, known as displacement
current Ip. This displacement current originates
due to time varying electric field between the plates
of capacitor and is given by

Ip=¢o s

where ¢y is the electric flux linked with the space
between the two plates of the capacitor.

Using the concept of displacement current Ip,
Ampere’s circuital law can be modified as

§B-dl =po(Ic+1p)
Maxwell’s equations:

> E.dA= 4 (Gauss’s law for electricity)
€
> §§ -dA =0 (Gauss’s law for magnetism)

>

E-dl=- % (Faraday’s law)

§B-di = .

Electromagnetic Waves
An electromagnetic wave is a wave radiated by an
accelerated charge which propagates through space
as coupled electric and magnetic fields, oscillating
perpendicular to each other and to the direction of
propagation of the wave.

o

Holc +Ho€o—=
(Ampere-Maxwell law)

Velocity of electromagnetic waves in free space is
given by,

-1

c= =3x10°ms

Hoo

The instantaneous magnitude of the electric and
magnetic field vectors in electromagnetic wave are
related as

(51

—==cor E=Bc

In a medium of refractive index n, the velocity v of
an electromagnetic wave is given by

)

The energy is equally shared between electric field
and magnetic field vectors of electromagnetic wave.
Therefore the energy density of the electric field,

up= %EOEZ and
2

1B
the energy density of magnetic field, up = El‘_ A
0
Average energy density of the electric field,

<up> = ieoEg and average energy density of the

magnetic field <ug > Bg ! €, Eé
up>=—0 = — .
B m, 0

Average energy density of electromagnetic wave is
2

B
<u>= —soEo——O

2H,
Intensity of electromagnetic wave is defined
as energy crossing per unit area per unit time
perpendicular to the directions of propagation of
electromagnetic wave. The intensity I is given by
the relation

I =<u>c= %eoﬁéc

The electromagnetic wave also carries linear
momentum with it. The linear momentum carried
by the portion of wave having energy U is given by
p=Ulc

If the electromagnetic wave incident on a material
surface is completely absorbed, it delivers energy U
and momentum p = U/c to the surface.

If the incident wave is totally reflected from
the surface, the momentum delivered to the
surface is U/c - (-U/c) = 2U/c. It follows that the
electromagnetic wave incident on a surface exerts a
force on the surface.
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Two coils have a mutual inductance 0.005 H.
The current changes in the first coil according
to equation I = I, sin ot, where I = 10 A and
®=1007 rad s™". The maximum value of emf in the
second coil is (in V)

(a) 2n (b) 51 (c) 6m (d) 12n

An express train takes 16 hours to cover the
distance of 960 km between Patna and Gaziabad.
The rails are separated by 130 cm and the vertical
component of the earth’s magnetic field is
4.0 x 107 T. If the leakage resistance between the
rails is 100 £, the retarding force on the train due to
the magnetic field will be

@ 5x107°N () 8x107°N
(©) 15x10°N  (d)5x10°N
An inductor of inductance S
L = 400 H and resistors of ~ © L
resistances R, = 2 Q and [

R, = 2 Q are connected to S R,
a battery of emf 12V as L
shown in figure. The internal resistance of the
battery is negligible. The switch S is closed at t = 0.
The potential drop across L as a function of time is

@ 65V ®) 1{_2 Ny

(© 6(1-e") Vv (d) 127>V

A uniform magnetic field B exists in a direction
perpendicular to the plane of a square frame made
of copper wire. The wire has a diameter of 2 mm
and a total length of 40 cm. The magnetic field
changes with time at a steady rate dB/dt = 0.02 Ts™".
What will be the current induced in the frame?
(Resistivity of copper = 1.7 x 107* Q m)

(@) .1A (b) 02A (c) 0.3A (d) 04A

In a uniform magnetic field of induction B, a wire
in the form of semicircle of radius r rotates about
the diameter of the circle with angular frequency
. The axis of rotation is perpendicular to the field.
If the total resistance of the circuit is R, then mean
power generated per period of rotation is
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Brnr’o (Brrm)?
(a) R (b) T

(Brro) (Brra’)?

e d) =
© R @ =R

If a resistance of 100 , an inductance of 0.5 H and
a capacitance of 10 x 107 F are connected in series
through 50 Hz ac supply, the impedance will be

(a) 1.87Q (b) 101.3 Q
(c) 187Q (d) 189.7 Q

Two circular loops of equal radii are placed coaxially

atsome separation. The first loop is cutand a battery

is inserted in between to drive a current in it. The

current changes slightly because of the variation in

resistance with temperature. During this period,

the two loops

(a) attract each other

(b) repel each other

(c) do not exert any force on each other

(d) attract or repel each other depending on the
sense of the current.

The instantaneous values of alternating current and
voltage in a circuit are given as

1
= L Gin (100m0) A and € = —=sin (100mt + 7/3) V

V2 V2

The average power in watts consumed in the circuit

is
1 V3 1 1

(a) i (b) 2 (c) : (d) :

An electromagnetic wave of frequency 3 MHz

passes from vacuum into a dielectric medium with

permittivity €, = 4. Then

(a) the wavelength and frequency both remain
unchanged

(b) the wavelength is doubled and the frequency
remains unchanged

(c) the wavelength is doubled and the frequency
becomes half

(d) the wavelength is halved and the frequency
remains unchanged.



—
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. The r.m.s. value of the elecmc field of the light

coming from the sun is 720 N C™". The average total
energy density of the electromagnetic wave is

(@) 33x107Jm™ (b) 4.58 x 10°) m™

(c) 637107 m™ (d) 81.35x 107 J m™

. Theamplitude of the electric fleld ina parallel beam

of light of i |ntensuy 20Wm™
(a) 388N C! (b) 495N C!
() 327NC! (d) 355N C™!

. A free electron is placed in the path of a plane

electromagnetic wave. The electron will start moving

(a) along the electric field

(b) along the magnetic field

(c) along the direction of propagation of the wave

(d) inaplane containing the magnetic field and the
direction of propagation.

. An inductor 20 mH, a capacitor 50 pF and a resistor

40 Q are connected in series across a source of emf
V =10 sin 340t. The power loss in ac circuit is

(a) 0.76 W (b) 0.89 W
(c) 0.46 W (d) 0.67 W
. A small signal voltage V(f) = V|, sinwt is applied

across an ideal capacitor C

(a) Current I(t) is in phase with voltage V(t)

(b) Current I(t) leads voltage V(t) by 180°

(c) Current I(t), lags voltage V(1) by 90°

(d) Over a full cycle the capacitor C does not
consume any energy from the voltage source.

. A long solenoid has 1000 turns. When a current

of 4 A flows through it, the magnetic flux linked
with each turn of the solenoid is 4 x 107> Wb. The
self-inductance of the solenoid is

(@2H ((B)1H (9)4H (d)3H

. Out of the following options which one can be used

to produce a propagating electromagnetic wave?
(a) A chargeless particle

(b) An accelerating charge

(c) A charge moving at constant velocity

(d) A stationary charge

. An arc lamp requires a direct current of 10 A at 80

V to function. If it is connected to a 220 V (r.m.s.),
50 Hz ac supply, the series inductor needed for it to
work is close to

(a) 80 H (b) 0.08 H (c) 0.044 H(d) 0.065 H

. A series LR circuit is connected to a voltage source

with V(t) = V; sinot. After very large time, current

I(t) behaves as (10 >> %)

19.

20.

& 1)

(b) !

=ty

1t
1t

"Egﬁ (d) Wﬂ

A conducting metal circular-wire-loop of radius r
is placed perpendicular to a magnetic field which
t

(c)

varies with time as B=Bge T, where B; and T are
constants, at time t = 0. If the resistance of the loop
is R then the heat generated in the loop after a long
time (t — o) is

2 4p4 2 .4p2
B
T
2 4n2 2 .4p2
B
© n°r"ByR (d)nr 0
T R

Microwave oven acts on the principle of

(a) giving rotational energy to water molecules

(b) giving translational energy to water molecules

(c) giving vibrational energy to water molecules

(d) transferring electrons from lower to higher
energy levels in water molecule.

SOLUTIONS

|

Md——M

(b): Asle|= (Io sin ©f) = Ml @ cos ot,
Epmax = Ml = (0.005)(10)(100n) V=51V

(a): As the train moves in a magnetic field, a
motional emf € = vBl is produced across its width.
Here B is the component of the magnetic field in a
direction perpendicular to the plane of the motion,
i.e., the vertical component.

60 km

The speed of the train is v= 2 =16.67 ms™!

Thus, € = (16.67 ms™) (4.0 x 107 T)(1.3 m)
=86x107"V

The leakage current is I = €/R and the retarding

force is

86x107v

X1.3 mx4.0x10™ T
100 Q

F=IB=
=447x10"°N=5x10"1'N

PHYSICS FOR YOU | OCTOBER 20

)



3.

5¢)

(d): If I is the current through R, and I, is the

current through L and R,, then I} = Ri and
1
L=1(1-¢e"),

-3
where 1= L=M =02s
R, 2
and I = &2 =6A
R, 2

Thus, I, = 6(1 - /%)

Potential drop across L, i.e.,
€-R,=12V-2x6(1-¢"?) V=12V
(a): Here, total length [ = 40 cm = 40 x 1072 m,
Resistivity = 1.7 x 10 Q m

The area A of the loop

(40cm)(40cm] 2
= =0.01 m
4 4

If the magnetic field at an instant is B, the flux
through the frame at that instant will be ¢ = BA.
As the area remains constant, the magnitude of the
emf induced will be
£= d_° =A d_B

dt dt
=(0.01m) (0.02Ts")=2x10"V
The resistance of the loop is

(1.7x107Q m)(40x1072 m)
3.14x1x10™%m?

=2.16x107Q

Hence, the current induced in the loop will be
o 2X107'Y

=2 —93x102A=0.1A
2.16x107°Q

(b): As 65 = BA cos wt = B[%m2 ] cos ot,

d
e=-28 _1 526 sin ot
dt 2

&2

(Bnrlw)?
=——si

Instantaneous power, n- ot

= 4R T
(asj':sin2 ot=T/2)
_ (Bnr’)’
8R
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10.

1

12.
13.

(d): As X; = 2nvL = 2 (50)(0.5) = 157.1 Q,
1 1

XC= =
2muC  2n(50)(107°)
X, - X =1613Q

Q=3184Q

Z= \/R2 +(X, = X0)? =y/(100)® +(161.3)* Q

=189.7Q
(a)
g _(1/\2) 1
(d):Ass,m:Tuz=(ﬁ)=EV,
UL
rms \/E \/E 2 .
and cos@:cosn/S:%

Pay = €l cOS = (%](%](%} W

(d): Frequency remains unchanged with change of
medium.

Refractive index, n= —=
v

Since y, is very close to 1, n = Jg: Ji=2

A
Thus, Mpegium = =5
1 1
(b): gy = S €E; = Eso(ﬁEm P =g E2
ED
(as E,, = ﬁ )

= (8.85x 1071%)(720) = 4.58 x 107 m™?

. (a) : The intensity of a plane electromagnetic wave is

1
I=u,c= EEOEOZC

or Ej= ’j—{_:
0

=388NC!

2%2.0
8.85x10712 x3x10°

(a)

(c): Here, L =20 mH = 20 x 107 H,
C=50pF=50x10°F

R =402, V=10 sin 340t = V, sinwt
w=340rads™, Vo=10V

X, =0L=340x20x 107 =68Q



_a 1 _ 10t
oC  340x50x10™® 34x5

X =58.82Q

Z= R +(Xc - X,)? =\(40)” +(58.82-6.87

=/(40)? +(52.02)> =65.62Q

The peak current in the circuit is

vV, 10 R ( 40
Iy=—L2=——A, s T B9
0= Tee 0=y ( )

Power loss in ac circuit,

1
=V Lyms cosb= Evolo cosd

=Lar0x 2L 20 _o4ew
2 65.62 65.62
(d): When an ideal capacitor is connected with

an ac voltage source, current leads voltage by 90°.
Since, energy stored in capacitor during charging
is spent in maintaining charge on the capacitor
during discharging. Hence over a full cycle, the
capacitor does not consume any energy from the
voltage source.

. (b): Here, N=1000, =4 A, ¢y =4 x 107> Wb

Total flux linked with the solenoid, ¢ = N¢,
=1000 x 4 x 10~ Wb = 4 Wb

Since, ¢ = LI
Self-inductance of solenoid,

(b): An accelerating charge is used to produce
oscillating electric and magnetic fields, hence the
electromagnetic wave.

. (d): For a dc source

I=10A, V=80V FIRAAA
Resistance of the arc lamp,

v=50Hz
©=21x50=1007rad s
Arc lamp will glow if I=10 A,

2
or R + 022 =(€n’m )

)
4
220V

€rms

+0’?

2
220
or 82 +(100 m)’ % =(W]

2 222-g2

(100 m?

1= o061
100

18. (d): Current in LR circuit is

Vo ‘ ( : )
—=——sin| Of ——
R + @12 2

i.e., it is sinusoidal in nature.

I=

t
19. (b): Here, B=Bye *®
Area of the circular loop, A = 17
Flux linked with the loop at any time ¢,

t
0=BA=nr’Bye T

Emfinduced in the loop, E=—%? = 1:1280 le-;
T

Net heat generated in the loop

w2 2 452
=I£—d1="'B°Ie Tdt
R
0 0
ETHNE,
TR 2) le L
T

Monthly Test Drive CLASS XI
1. (d) 2. (@ 3 (© 4 @ 5 @
6. (0 7. () 8. (0 9. (d 10. (a)
11. (b) 12. (a) 13. (a) 14. (9 15. (b)
16. (3 17. (d)  18. (9 19. (@ 20. (a0
21. (be) 22. (abe) 23. (bd) 24. (4) 25. (2
26. (4) 27. (a) 28. (d) 29. (b) 30. (¢

59

PHYSICS FOR YOU | OCTOBER 20



CLASS-XII

'UIS'-"

=4 warm-up!

Practice questions for CBSE Exams as per the reduced syllabus, latest p
and marking scheme issued by CBSE for the academic session 2020-21.

CHAPTERWISE PRACTICE PAPER:
Magnetic Effect of Current and Magnetism

Time Allowed : 3 hours
Maximum Marks : 70

- GENERAL INSTRUCTIONS N
Read the following instructions very carefully and strictly follow them.
(i) This question paper comprises four section - A, B, Cand D.

(ii)  There are 37 questions in the question paper. All questions are compulsory.

(iii) Section A - Question no. 1 to 20 are very short answer type questions carrying 1 mark each.

(iv) Section B - Question no. 21 to 27 are short answer type questions carrying 2 marks each.

(v)  Section C - Question no. 28 to 34 are long answer type questions carrying 3 marks each.

(vi) Section D - Question no. 35 to 37 are also long answer type questions, carrying 5 marks each.

(vii) There is no overall choice in the question paper. However, an internal choice has been provided in 2 questions of
1 mark, 2 questions of 2 marks, 1 question of 3 marks and all the 3 questions of 5 marks. You have to attempt only
one of the choices in such questions.

(viii) In addition to this, separate instructions are given with each section and question, wherever necessary.

(ix)  Use of calculators and log tables is not permitted.

(x)  You may use the values of physical constants wherever necessary.

Directions (Q. No. 1-10) : Select the most appropriate

(a) E=0,B#0 (b) E#0,B#0

(c) E#0,B=0 (d) E=0,B=0

The magnitude of the magnetic field at the centre

of the tightly wound 150 turn coil of radius 12 cm

carrying a current of 2 A is

(a) 18G  (b) 197G (¢)

4. The nature of parallel and anti-parallel currents are
(a) parallel currents repel and antiparallel currents

option from those given below each question. 3.

1. A strong magnetic field is applied on a stationary

electron. Then the electron

157G (d) 177G

(a) moves in the direction of the field
(b) remains stationary
(c) moves perpendicular to the direction of the field

ttract
(d) moves opposite to the direction of the field. B i
(b) parallel currents attract and antiparallel currents
2. A charged particle would continue to move with a repel

constant velocity in a region wherein, which of the
following conditions is not correct?

(40} PHYSICS FOR YOU | OCTOBER 20

(c) both currents attract
(d) both currents repel.



A current carryingloop is placed in a uniform magnetic
field. The torque acting on it does not depend upon
(a) shape of loop (b) area of loop

(c) value of current (d) magnetic field.

The angles of dip at the poles and the equator respectively
are
(a) 30°60° (b) 0°90° (c) 45°90°(d) 90°0°

Which one of the following is correct statement about

magnetic forces?

(a) Magnetic forces always obey Newton’s third law.

(b) Magnetic forces do not obey Newton’s third law.

(c) For very high current, magnetic forces obey
Newton’s third law.

(d) Inside low magnetic field, magnetic forces obey
Newton’s third law.

If electron moving with velocity ¥ produces a

magnetic field B, then

(a) the direction of field B will be same in the
direction of velocity ¥

(b) the direction of field B will be opposite to the
direction of velocity ¥

(c) the direction of field B will be perpendicular to
the direction of velocity ¥

(d) the direction of field B does not depend upon
the direction of velocity ¥ .

The magnetic force per unit length on a wire carrying
acurrent of 10 A and making an angle of 45° with the
direction of a uniform magnetic field of 0.20 T is

(@) 2¥2Nm™ (b) % Nm™
(c) ? Nm™ (d) 4/2Nm™

. The correct plot of the magnitude of magnetic field

B vs distance r from centre of the wire is, if the
radius of wire is R

@ () \

(c) (d)

Directions (Q. No. 11-15) : Fill in the blanks with
appropriate answer.

11. A solenoid of length 50 cm, having 100 turns carries
a current of 2.5 A. The magnetic field at one end of
the solenoid is

12. If the current sensitivity of a galvanometer is
doubled, then its voltage sensitivity will be

13. A proton and an a-particle enter in a uniform magnetic
field perpendicularly with same speed. The ratio of
time periods of both particle (;ﬁ] will be .

«

14. Two a-particles have the ratio of their velocities as
3: 2 on entering the field. If they move in different
circular paths, then the ratio of the radii of their
paths is .

15. A 200 turn closely wound circular coil of radius 15 cm
carries a current of 4A. The magnetic moment of
this coil is

OR
A straight wire having mass of 1.2 kg and length of
1 m carries a current of 5A. If the wire is suspended
in mid-air by a uniform horizontal magnetic field,
then the magnitude of field is

Directions (Q. No. 16-20) : Answer the following.

16. Ata certain place the horizontal component of earth’s
magnetic field is By and the angle of dip is 45°. Find
the total intensity of the field at that place.

17. What is the function of radial magnetic field in a
moving coil galvanometer?

18. In a hydrogen atom, the electron moves in an orbit of
radius 0.5 A, making 10'® rps. Calculate the magnetic
moment associated with the relative motion of
electron.

OR
State Gauss's law for magnetism.

19. Define one tesla using the expression for the
magnetic force acting on a particle of charge ‘q’
moving with velocity v in a magnetic field B.

20. Why do magnetic lines of force form continuous
closed loops?

SECTION-B
21. A charge Q is spread uniformly over an insulated
ring of radius R. What is the magnetic moment of
the ring if it is rotated with an angular velocity ®
with respect to normal axis?
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22.

23.

24.

25.

26.

27.

2]

A long straight wire AB carries B

a current I. A proton P travels 4;

with a speed v, parallel to the P

wire, at a distance d from itina [ Ig(rmm)
direction opposite to the current
as shown in figure. What is the
force experienced by the proton
and what is its direction?

<

A long wire is bent into a circular coil of one turn
A similar wire is bent into a circular coil of smaller
radius having n turns. If the same current passes in
both the cases, find the ratio of the magnetic fields
produced at the centres in the two cases.

A magnetising field of 1500 Am™" produces a

magnetic flux of 2.4 x 10> Wb in an iron bar of
cross section 0.5 cm?. Calculate permeability and
susceptibility of the iron bar used.

OR
Out of the two magnetic materials, A has relative
permeability slightly greater than unity while B has
less than unity. Identify the nature of the materials
A and B. Will their susceptibilities be positive or
negative?
A charged particle is moving on a circular path
of radius R in a uniform magnetic field under
the Lorentz force F. How much work is done by
the force in one round? Is the momentum of the
particle changing?
A neutron, an electron and an alpha particle moving
with equal velocities, enter a X x X ox x X
uniform magnetic field going ST e e s i
into the plane of the paperas "> « x x x x
shown. Trace their paths in <>
the field.

X X X %

OR
The magnetic force depends on v which depends
on the inertial frame of reference. Does then the
magnetic force differ from inertial frame to frame?
Is it reasonable that the net acceleration has a
different value in different frames of reference?

A charged particle enters an environment of a strong
and non-uniform magnetic field varying from
point to point both in magnitude and direction and
comes out of it following a complicated trajectory.
Would its final speed equal the initial speed if it
suffered no collisions with the environment?
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SECTION-C

28.

29.

30.

3

-

32.

In the figure two long parallel current carrying wires
I and II are shown. Find the magnitudes and
directions of the magnetic field induction at the
points P, Q and R in the plane of paper.

1 1I

P

De
=

A galvanometer having 30 divisions has a current
sensitivity of 20 pA per division. It has a resistance
of 20 Q. How will you convert it into an ammeter
measuring upto 1 ampere? How will you convert
this ammeter into voltmeter reading upto 1 V?

A combination of two long straight wires AB and
DE and a semicircular arc BCD of radius R is shown
in the figure. If a current I flows as shown in the
figure, then find the net magnetic field at point O.

B 1 A
R
20
R
———»—————F
D 1

. An electron of mass m, revolves around a nucleus of

charge +Ze. Show that it behaves like a tiny magnetic
dipole. Hence prove that the magnetic moment
associated with it is expressed as [i = —Li, where

L is the orbital angular momentum of the electron.
Give the significance of negative sign.

Two identical coils, each of radius ‘R’ and number
of turns ‘N’ are lying in perpendicular planes such
that their centres coincide. Find the magnitude
and direction of the resultant magnetic field at the
centre of the coils, if they are carrying currents I
and /31 respectively.

OR
An electron beam passes through a magnetic field of
2.0 mT and an electric field of 3.4 x 10 V. m™" both
acting simultaneously in mutually perpendicular
directions. If the path of electrons remains undeflected,
calculate the speed of the electrons.



3

w

34.

If the electric field is switched off, what will be the
radius of the electron path?
Given that m, = 9.1 x 10" kgand e = 1.60 x 10 C.

. The figure shows a rectangular current carrying
loop, placed 2 cm 15A
away from a long
straight, current 248
carrying covduc?or. L)
What is the direction
and magnitude of 2cm
the net force acting
on the loop? =10
A circular segment of radius r and
angle O carries current I as shown in
figure. What is the value of magnetic o

field at the centre O of segment?

35.

36.

37.

SECTION-D

(a) Derive the expression for the torque on a
rectangular current carrying loop suspended
in a uniform magnetic field.

(b) A proton and a deuteron having equal
momenta enter in a region of a uniform
magnetic field at right angle to the direction of
a the field. Depict their trajectories in the field.

OR

Write any two important points of similarities
and differences each between Coulomb’s law for
the electrostatic field and Biot-Savart's law of the
magnetic field. Use Biot-Savart’s law to find the
expression for the magnetic field due to a circular
loop of radius ‘7’ carrying current I} at its centre.

State Biot-Savart’s law. Using this law derive an

expression for the magnetic field at a point situated

at a distance of x metre from the centre of a circular

coil of N turns and radius r carrying a current of I A.

OR

(a) Draw a labelled diagram of a moving coil
galvanometer. Describe briefly its principle and
working.

(b) A galvanometer has resistance G and shows full
scale deflection for current . How can it be
converted into an ammeter to measure current
upto Ip(Ip > I)?

(a) A long straight wire of uniform cross section
of radius a is carrying a steady current I. Use
Amperes circuital law to obtain a relation
showing the variation of the magnetic field (B)

inside and outside the wire with distance r, (r < a)
and (r > a) at the field point from the centre of
its cross section.

(b) Explain how Biot-Savart’s law enables one
to express the Ampere’s circuital law in the
integral form, viz.
$B-dl =pgI
where I is the total current passing through
the surface.

OR

State Ampere’s circuital law. Use this law to

obtain the expression for the magnetic field

inside an air cored toroid of average radius ‘r,

having ‘n’ turns per unit length and carrying

steady current I.

(b) An observer to the left of a solenoid of N turns
each of cross section area ‘A’ observes that a steady
current [ in it flows in the clockwise direction.
Depict the magnetic field lines due to the solenoid
specifying its polarity and show that it acts as a bar
magnet of magnetic moment m = NIA.

=

A
NI
N

(a)

SOLUTIONS

1.

(b) : Magnetic force, F =q4(Vx B)
The electron is stationary, i.e., velocity & = 0.
. F=0. So, electron will remain stationary.
()
(c) : Here, N=150;r=12cm=12x10"m;I=2A

NI 2mx1077 X150 X2 K
B="°—="4_2=1.57x10 T
2R 12x10
=157x10'T=157G
(b) 5. (a) 6. (d)

(b) : As the action and reaction are instantaneous
in 11" law. But magnetic forces transmit with finite
speed c.
(¢) : According to Biot Savart’s law, the magnetic field
Mo q(v X7)
an 3
Thedirectionof Bwillbealong ¥ x 7 ,i.e. perpendicular
to the plane containing v and 7 .
(b): I=10A,6=45°,B=02T
. F=IixB = F=IIBsin®
F
!

B=

1 2 -
=IBsin45°=10X02X —==—= Nm™!

V2 V2
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10.
11,

12.

13;

14.
15.

o

(b)
Here,[=2.5A,1=50cm=0.50 m
and n= ﬂ=200 m™!

0.50

ptonl _ 4mx107 x200x25
T2 2
Current sensitivity of galvanometer is deflection per
unit current i.e.
NAB .
¢ = (1)
Ik
Similarly voltage sensitivity is deflection per unit
voltage i.e.

o (Mam)r (a1
v LUk Jv Lk Jr
From (i) and (ii),

=314x107'T

. (i)

Voltage sensitivity = current sensitivity x —————
Resistance
Now if current sensitivity is doubled, then the
resistance in the circuit will also be doubled since
it is proportional to the length of the wire, then
voltage sensitivity

1

= (2 current sensitivity) X —————
(2 x Resistance)

= (current sensitivity) X ——
Resistance

Hence, voltage sensitivity will remain unchanged.
The time period of revolution of a charged particle
in a magnetic field is

T= 2nm
Bq
For proton, mp=m; qp = q
_2mm
P Bq

Now, for a-particle,
My =4m, gy =2q

T
Tu=27f(4m)=2(27t_m)m_p=l
B(2q) Bq T, 2
32
Asqu:m—,r——v = rey m-rA=V_A 3
r qB g vg 2

The magnetic moment is given by
| | = NIA = NInr*
=200 x 4% 3.14 x (15x 107%)?
=200x4x3.14x15x 15 x 107 = 56.5 Am’

OR
For mid-air suspension the upward force F on wire
due to magnetic field B must be balanced by the
force due to gravity, then
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16.

17.

18.

19.

20.

2

IIB=mg

p="¢
1 5
Here,m=12kg, ¢g=10ms ", I=5A,l=1m
1.2x10

B= =24T
5x1

Here, By = By, 6 = 45°
As, By = Bcosd
p=Bn__ B _ B p=2p

cosd  cos45° 1/42
Radial magnetic field provides constant magnetic
field and hence the torque on the coil becomes
constant in all positions of the coil for the given
current, This provides a linear current scale.
Here,r=05A=05x10""m,e=16x107C

2= e\m:r2

As m=IA =(%)xm
=16x 107 x 10" x3.14 x (0.5 x 1079 A m?
=1256x 1072 Am?
OR

Gauss’s law for magnetism: Gauss's law for magnetism
states that the net magnetic flux through any closed
surface is zero.
6= Y B-AS=0

all area

elements

One tesla is defined as the magnitude of magnetic
field which produces a force of 1 newton when a
charge of 1 coulomb moves perpendicularly in the
region of the magnetic field at a velocity of 1 m/s.

F 1IN
I-‘=qu$B=—m'lT=—l

qv (1C)(Ims™)
Magnetic lines of force form continuous closed loops
because a magnet is always a dipole and as a result,
the net magnetic flux of a magnet is always zero.

. Charge on the element of length dl of the ring is,

dq=——dl
2nR
Current due to circular motion of this charge is,

dI=dq><u=&dlx2 (As, ® = 2mL)
2nR 2n
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22.

23.

24.

Magnetic moment due to current dI,

dM=dI><1!R2=idl><£x1tk2
2nR 2n

Q“’Rj'dl 21:R ¢ fdi=2mR)

or M=
1 2

=—-QwR
ZQ(n

Magnetic field induction at P due to current I in

long straight wire ABis B = Ho 21
an d
It acts perpendicular to the plane of paper inwards.

Since the proton is moving in
opposite direction to the current
carrying straight wire, hence the
proton is moving perpendicular to
the direction of magnetic field due
to current through straight wire. A

. The force acting on the proton is
Mo2l _ uolev
4and  2nd
It acts in the plane of paper away from the wire.
Let Ibe the length of the wire. When the wire is bent
in the form of one turn circular coil,

----- Ol P (Proton)

F = qvBsin90° = ev——

I=2mn, or rl=Ln,N=1
_MoNI _ o XIxXI — porl
'Tay Tax@i2m) 1

When the wire is bent in the form of n-turns coil,

1
I=nx2mr, or ry=—o
2 2= o

WoNI _ ponl uonnzl
B, = 2ry 2(1/2mt) 1
so el on B:B=1:
By, n?

Here, H=1500 Am™, ¢ = 2.4 x 107> Wb,

A=05cm?=0.5x 10" m?

Magnetic induction,
_o_24x10° &

S =048Wbm™
" A osx107t
B 048 - -
Permeability, p=—=——=32x10 fTmA™
H 1500
As p=po (1+%,)
. Susceptibility, X, =—=1
Ho
-4
a L“_l =25477 - 1=253.77
4%3.14x10”

25.

26.

27.

OR
Relative permeability, pu, = 1 + %,
S Km= R 1
As the relative permeability of A is slightly greater
than 1, so its susceptibility y is small and positive.
Hence A is a paramagnetic substance.
As the relative permeability of B is slightly less than
1, so its susceptibility y is small and negative.
Hence B is a diamagnetic substance.
When a charged particle moving on a circular path
of radius R in a uniform magnetic field, the Lorentz
magnetic force F(= qvB) acting on the particle,
provides the required centripetal force for its circular
motion. It means the Lorentz force acts along the
radius towards the centre of circular path. While
moving on a circular path, the small displacement
dr of the charged particle is always perpendicular to
Lorentz force, i.e., 8 = 90°, therefore work done
dW =F. dF = Fdr cos90°=0.
Since the velocity of the charged particle, moving
on a circular path is tangential to the path whose
direction is changing continuously in circular
motion of the particle, hence the momentum of the
particle is changing.
Magnetic force on a-particle
F,=qvxB=2evBupward
So, curvewillbend upwardsas forceis perpendicular
to the velocity.
Magnetic force on neutron, F = 0 (as ¢ = 0)
So, neutron will move along straight line.
Magnetic force on electron
E,=qvx B=|-evB|downwards
So, curve will bend downwards as force is perpendicular
to the velocity.

OR
Magnetic force is given by,
E,=q(#xB)
Here, v depends on the inertial frame of reference.
Hence magnetic force is frame dependent. Net
acceleration arising from this force is however frame
independent for inertial frames.

A magnetic force can only change the direction of
charged particle but never changes magnitude of
speed as force act normal to direction of speed. So,
charged particle may follow a complicated trajectory,
but its speed remains the same.

PHYSICS FOR YOU | OCTOBER 20

23]



BRAIN

..

CURRENT ELECTRICITY

f,
of

It

Oursociety

MAP

V=IR
Vector form, | = oF, conductivity o =

P

Resistance of a uniform conductor, R = P:I

Conductance, G = %

Resistivity or specific resistance,

1
Ohm'slaw is not valid for semiconductor.

eE
D ==
Driftspeed, v, =

Mobility, p, =4 = £

Mobility of electron is more than that of hole.
Current in terms of drift velocity,

ATE

B ) &
I=neAvy =2 = neAp E=neAp, -

o=nep,
In terms of relaxation time T,

ndp=—2
ne‘t

freme— Relot s sy
Resistance of a resistor with colour code

R=[(digit 1)(digit 2) Decimal Multiplier + Tolerance]
Variation of resistance with temperature,
Ry=Ry[1+a(T-Ty)]

ne‘tA

‘Temperature coefficient of resistance, a = R =Ky

IfT, =0°Cand T, =T *Cthen R(1-T)
a= RR’O:';“ or Ry = Ry(1+aT)

Resistivity of conductor increases with increase in

temperature.

Resistivity of semiconductor decreases with increase
intemperature.

Combination of Resistors
Inseries, equivalent resistance
Rg=Ry+Ry+Ry+....

In parallel, equivalent resistance

= Lo
Rp R Ry Ry

For two resistances in parallel current through the
e e MM L T
R+R, ° R +Ry

When resistances are connected in series, the current
through each resistance is same. In parallel
combination voltage is same.

Principle : Fall of potential across any portion of the
wire, Ve< [, V=Kl

v

Here, K = — = potential gradient.

Comparision of emfs of two cells,

Internal resistance ofa cell
r= R‘ri—l]—k[-—»l\
\v )]

Here, I, = balancing length of potentiometer wire
corresponding to emfof the cell.

= balancing length of potentiometer wire
corresponding to potential difference of the cell
when a resistance R is connected in series with the
cell whose internal resistance to be determined.

going through the heart. An elec

tricity.
watchTVand so much more. Even it p|ays arolein the way our heart beats. Muscle cells in the heart are contracted by electricity

microwave, helps light our house, lets us

Rate of flow of electric charge (positive)
~§i-a8

J is the current density which is the current
passing through a cross-section of the wire.

Dot product of [ and dS shows current is scalar
inspite of this we represent current with an
arrow.

In case of an electron revolving in a circle of
speed v, period of revolution of
electronis 1= =%~

radius r with

v
: v

Frequency of revolution = -"

2nr

Current in an nrbu uf a moving electron with
velocity v, 1=

xr

Flow of Charge
AQ=IAt (Current is constant)
= j rdt (Currentisa function of time)
= Areaunder I-t graph

!

Junction Rule : Atany junction of circuit elements,
the sum of currents entering the junction must be
equal to the sum of currents leaving it.

ZI=0.
Itis based on conservation of charge.
So bending or reorienting the wire does not change
the validity of Kirchhoff’s junction rule.
Loop Rule : The algebraic sum of changes in
potential around any closed loop must be zero.

Itisbased on conservation of energy.

.IJ

Sign Convention for Kirchhoff’s Rules
While traversing a closed loop (clockwise or anti
clockwise) if negative pole of the cell is encountered
first, then its emf is negative, otherwise positive.
The product of resistance and current in an arm of
the circuit is taken posi if the direction of
current in that arm is in the same sense as one
moves in a closed path and is taken negative if the
direction of current in that arm is opposite to the
senseas one movesina closed path.

This convention depends on your choice. You can
£0 to reverse of this assumption and will get same
answer.

Wheatstone Bridge

Inbalanced condition,

L
R, Ry

It provides a parallel method to determine the value
ofan unknown resistance.

Resistance of unknown resistor,

oS

~(100-1)
It is more sensitive if /,(balance point) is close to
50 cm. This requiresa suitable choice of S.

t'selectrical acti

ityinto line tracings on paper.

Electrical Energy and Power

Heat energy developed across a resistor
H=PRt

VZ
Power P=I’R= =
For transmission cable, powerloss
Po=1"R;

R-—m’Ru(l
»
Inparallel P=P, + P,
s e PP,
jes —=—+—or P=—12—
lnsencsP B, B+P,

InR= %l’and Pare rated values for that bulb.

In parallel a bulb having more rated power glows
more brightly. In series a bulb having less rated
power glows more brightly.

Grouping of Batteries

9 net emf
Series grouping: | = —————
net resistance

If there are n identical batteries of emf € and
internal resistance r, then current through external
resistance R (if all batteries are additive in nature) is
givenby

nr+R
If polarity of m batteries is reversed, then
_(n=2m)e
" mreR
Parallel grouping with identical batteries:
febs
Rnﬂ
Here, €, = &, R, = Total internal resistance +
Total external resistance =~ + R

Parallel grouping with unidentical batteries :

[ = net
Roy
Z(e Ir)
£(1/r) o
If any of the battery is oppositely connected, then
place negative sign in numerator of eqn. (i) but, no
change in denominator.
Mixed grouping:
If thereare n rows of identical batteries (€, r) with m
cellsin each row. Then, [ = Snet

t

Here, &, =

mr
Here, €, =me, Ry =—+R
In this case current lhmugh the external resistance

ismaximum when, g = ™=
n

Potential Difference across
the Terminals of a Battery
(1f1=0)

(Ifbattery is short circuited)

V=g
V=0

V=¢-Ir (Ifbatteryissupplying the energy)

i
-V =Yy =e-Ir

V=g +Ir (Ifbattery is being charged)
I

€7
=V =e+lr



28.

29.

2]

1 I
20A 30A
b Q R
10cm [ 10cm 10¢
g P B
20
Resultant magnetic field induction at P is
21 21
B=Bl—32=”—°—‘—"—°—2=2x10'5T
4t n  4m n
Mo lh L
4an non

Here,I; =20 A, r; = 0.1 m;
I,=30A;r,=030m
B=10" x2[2-3—°]=2x10'5 T
0.1 03
It will be acting perpendicular to the plane of paper
upwards.
Resultant magnetic field induction at Q is
B=“—°x2[2—°+3—0]= 107 x2x500=107"T
4an 0.1 0.1
It will be acting perpendicular to the plane of the

paper downwards.
Resultant magnetic field induction at R is

B=B -By=——-"— =2x107° T
It will be acting perpendicular to the plane of the
paper upwards.
Heren=30,R;=20Q
Current sensitivity, k = 20 pA per division
.. Current required for full-scale deflection is
Ig=nk=3ﬂx20=600pA=6x 107" A = 0.0006 A
(i) For conversion into ammeter, I =1 A
5 iR =ixR _ 0.0006%20
I-1,7 "% 1-0.0006
i.e., a shunt of 0.012 Q should be connected across
the galvanometer.
(ii) For conversion of resulting ammeter into voltmeter.
The resistance of the ammeter formed is
_ RgRe 20x0.012
& TR +R, 20+0.012

Current for full scale deflection, I f=1A

=0.012Q

,

=0.012Q
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3
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32.

Voltage range, V=1V
" Required series resistance,

R= Y —R'g =l—0.012=0‘9889
I'y 1

Let By, B, and By be the magnetic fields at point O
due to current carrying straight wire AB, semicircular
wire BCD and straight wire DE respectively.
= Mol
Then, B, =——0
B 4nR
[Since point O lies near one end of long wire at a
normal distance R.]
= Mol P
=——0Q and By=——
T 5= ank ©
" Net magnetic field at O is given by
2 = _ B B Mol ol ol ]
B=B +By+By=| —+—+—
HS [47:12 4R 4mR

- I
= |B|=:";R[z+n]
T

and B is directed perpendicular to plane of paper
directed out of it.

. The electron of charge (-¢) performs uniform circular

motion around a stationary heavy nucleus of charge
+Ze. This constitutes a current I and forms a loop
which behaves like a tiny magnetic dipole.

(i)

Let r be the orbital radius of the

electron and v the orbital speed.
Then,

o

as (T = time period)
T 3

T ...(ii)

v

From eqn (i) and (ii),
I=evi2nr
Magnetic moment L= Inr? = evr/2
The direction of magnetic moment is into the plane
of paper.
Now, U= L(m vr) =LL

am, ¢ 2m,
where L is the 1m of
the electron.

gnitude of angular mc

. e -
Vectorially, i=——-1L
Y, 1 2m,

The negative sign indicates that the angular
momentum of the electron is opposite in direction
to the magnetic moment.

Magnetic field at the centre of the coils due to coil P,
having current I is



33.

Mol
£ 2R
And magnetic field due to coil Q having current

Va1 is

_1o\3I
TR
Since both coils are inclined to each other at an angle
of 90° the magnitude of their resultant magnetic
field at the common centre will be

1 I
B=JB§,+B§,=%J§=% i, s
The directions of Bp and
B, are as indicated in r
the figure. The direction - >
of the resultant field is at By
an angle 6 given by

6=tan™! B—P =tan™! (L]=30°
B, NE

Hence, the direction of the magnetic field will be at
an angle 30° to the plane of loop Q.
OR
Here, m, = 9.1 x 107 kg,
e=16x10"C,B=20mT=20x107T
and E=34x10"Vm™
As electron beam goes undeflected,
., E_ 3axa0’
B 20x107
If the electric field is switched off, then under
the magnetic field, electron beam will describe a
circular path of radius.
oMy _ 91x107! x1.7x107
eB 16x107% x2.0x107
=48x102m=48cm

=17x10"ms™!

B _15A ¢ p

I 25A

25cm

2cm

Ae0m—a? Q
Force between wires PQ and CD
_ Mohhl

2nr

34.

35.

36.

37.

2x1077 x15%25%0.25 -
= T -9375x 107N
2x1072
=9.375 x 10~ N (Repulsive)
Force between wires PQ and AB
Pos 2x107 x15x25x0.25
25 0.12
= 1.56 x 107" N (Attractive)
Net force on the rectangular loop
F =F - F,=(9.375-1.56) x 107"
=7.815x10"*N (Repulsive i.e., towards left).

According to Biot-Savart’s law, the magnetic field
due to a small circular current element of length dl
at centre O is

Wol dlsin90°

dB= =

4nr
while the magnetic field due to straight portions
will be zero (since sin 0 = 0).
Total magnetic field at centre O is

( Jai=re)

1 I
B= LZJ,ﬂ:“LZ,e
4nr 4anr

_ Wyl
T anr
(a) Refer to answer 81, Page no. 110 (MTG CBSE
Champion Physics Class 12)
(b) Refer to answer 19, Page no. 98 (MTG CBSE
Champion Physics Class 12)

OR
Refer to answer 52, Page no. 104 (MTG CBSE
Champion Physics Class 12)
Refer to answer 40, Page no. 101 and 102 (MTG CBSE
Champion Physics Class 12)

OR
(a) Refer to answer 94, Page no. 112 (MTG CBSE
Champion Physics Class 12)
(b) Refer to answer 87(b), Page no. 111 (MTG CBSE
Champion Physics Class 12)
(a) Refer to answer 59, Page no. 105 (MTG CBSE
Champion Physics Class 12)
(b) Refer to answer 58, Page no. 105 (MTG CBSE
Champion Physics Class 12)

OR
Refer to answer 64, Page no. 106 (MTG CBSE
Champion Physics Class 12)

o

2]
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MONTHLY TEST

DRIVE

Total Marks : 120 Magnetic Effect of Current and Mag-netism Time Taken : 60 Min.

Only One Option Correct Type

1. Consider along, straight wire of cross-sectional area
A carrying a current I. Let there be n free electrons
per unit volume. An observer places himself on
a trolley moving in the direction opposite to the

I
current with a speed v= e and separated from
TAe

the wire by a distance r. The magnetic field seen by
the observer is very nearly

b ! Bl 2ol
(a) e (b) zero () = (d) 0

2. Two short magnets of equal N
dipole moments M are fastened i
perpendicularly at their centres

S an IN

as shown in the figure. The ;
magnitude of the magnetic field d..-"l’
at a distance d from the centre S
on the bisector of the right angle

is

Ho M Ho V2M
@ Edj an g

o 242M W, 2M
© 4 reer g

3. An electron accelerated through a potential
difference V passes through a uniform transverse
magnetic field and experiences a force F. If the
accelerating potential isincreased to 2V, the electron
in the same magnetic field will experience a force

F
@F ()5 (9 V2F (d)2F

(50} PHYSICS FOR YOU | 0CTOBER ‘20

4.

An electric current I enters and leaves a uniform
circular wire of radius a through diametrically
opposite points. A charged particle ¢ moving along
the axis of the circular wire passes through its centre
at speed v. The magnetic force acting on the particle
when it passes through the centre has a magnitude

ol ol
(a) qv 2 (b) iy
1
(c) ‘IV“% (d) zero

A beam consisting of protons and electrons moving

at the same speed goes through a thin region in

which there is a magnetic field perpendicular to the

beam. The protons and the electrons

(a) will go undeviated

(b) will be deviated by the same angle and will not
separate

(c) will be deviated by different angles and hence
separate

(d) will be deviated by the same angle but will
separate.

A charged particle of mass 10~ kg and charge

1073 C enters a magnetic field of induction 1 T. If

£ =10 m 572, for what value of velocity will it pass

straight through the field without deflection?

(a) 103 ms™! (b) 10°ms-!

(c) 10°ms™! (d) 1ms™!

Mark out the correct options.

(a) Diamagnetism does not occur in all materials.

(b) Diamagnetism results from the partial
alignment of permanent magnetic moment.



(c) The magnetising field intensity is always zero in
free space.

(d) The magnetic field of induced magnetic
moment is opposite to the applied field.

A particle is moving with velocity v = i+ 3} and it

produces an electric field ata point given by E = 2k.

It will produce magnetic field at that point equal to

(all quantities are in SI units)

@) (6i- 2});10 £

(b) (6i+2j)u,g,

(c) zero

(d) cannot be determined from the given data.

A point charge is moving in clockwise direction in

a circle with constant speed. Consider the magnetic

field produced by the charge at a fixed point P

(not at the center of circle) on the axis of the circle.

Then,

(a) itis constant in magnitude only

(b) it is constant in direction only

(c) itis constant both in direction and magnitude

(d) it is constant neither in magnitude nor in
direction.

. A dip circle is so that its needle moves freely in the

magnetic meridian. In this position, the angle of
dip is 40°. Now the dip circle is rotated so that the
plane in which the needle moves makes an angle
of 30° with the magnetic meridian. In this position,
the needle will dip by an angle

(a) 40° (b) 30°

(c) more than 40° (d) less than 40°

. What should be the current in a circular coil of

radius 5 cm to annul By = 5 x 1073 T?
(a) 0.4A (b) 4A
(c) 40A (d) 1A

. A particle of mass 2 x 10~% kg moves horizontally

between two horizontal plates of a charged parallel
plate capacitor between which there is an electric
field of 200 NC-! acing upward. A magnetic
induction of 2.0 T is applied at right angles to the
electric field in a direction normal to both B and 7.
If gis 9.8 m s~ and the charge on the particle is 106 C,
then find the velocity of charge particle so that it
continues to move horizontally.

(a) 2ms™! (b) 20 ms™!

(c) 0.2ms! (d) 100 m !

Assertion & Reason Type

Directions : In the following questions, a statement of
assertion (A) is followed by a statement of reason (R). Mark
the correct choice as :

(@)

(b

)
(@

. Assertion :

If both assertion and reason are true and reason is the
correct explanation of assertion.

If both assertion and reason are true but reason is not
the correct explanation of assertion.

If assertion is true but reason is false.

If both assertion and reason are false.

The sensitivity of a moving coil
galvanometer is increased by placing a suitable
magnetic material as a core inside the coil.

Reason : Soft iron has a high magnetic permeability
and cannot be easily magnetized or demagnetized.

. Assertion : The true geographic north direction is

found by using a compass needle.
Reason : The magnetic meridian of the earth is
along the axis of rotation of the earth.

. Assertion : The net force on a closed circular

current carrying loop placed in a uniform magnetic
field is zero.

Reason : The torque produced in a conducting
circular ring is zero when it is placed in a uniform
magnetic field such that the magnetic field is
perpendicular to the plane of loop.

JEE MAIN / JEE ADVANCED

16.

12,

Only One Option Correct Type

A charged particle of specific charge (charge/mass)
o is released from origin at time t = 0 with velocity
V= (i +j) in a uniform magnetic field B = Bo;'.

Coordinates of the particle at time t =

V2 v
2vy =V )
@ [0’ 0B, ’Boa] ® (zsoa’o’o]

© [o. 2y | Yon ] ) (M et )
Byor 2B,o Byo.  Byo
A small block of mass m, having charge g, is placed
on a frictionless inclined plane making an angle 6
with the horizontal as shown in figure. There exists
a uniform magnetic field B parallel to the inclined
plane but perpendicular to the length of a spring.

51)

are
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1

°

20.

2

_

(52

. Froma cylmder of radius R, a cylinder

If m is slightly pulled on
the incline in downward k
direction, the time period of
oscillation will be (assume
that the block does not leave

contact with the plane)
(b) 2m2m/k

@) 2nm/k
(c) 2nqB/ K (d) 2m/qB /2K

A thin, plastic disk of radius R has a charge q
uniformly distributed over its surface. If the disk
rotates at an angular frequency ® about its axis,
then magnetic dipole moment of the disk is

“"’ (b)“’"

(a) (c) wgR*  (d) 2wqR?

of radius R/2 is removed, as shown
in the figure. Current flowing in
the remaining cylinder is I. Then,
magnetic field strength is

(a) zero at point A

(b) zero at point B

(c) =0 at point A (d) 0 5 point B

More than One Optlons Correct Type

A conductor ABCDEF, shaded as shown, carries a
current I It is placed in the xy plane with the ends
A and E on the x-axis. A uniform magnetic field of
magnitude B exists in the region. The force acting
on it will be

i
'4—}‘%'

(a) zero, if Bis in the x-direction

(b) ABI in the z-direction, if B is in the y-direction

(c) ABI in the negative y-direction, if B is in the
z-direction

(d) 2aBl,if Bis in the x-direction.

. A microammeter has a resistance of 100 Q and a full

scale range of 50 MA. It can be used as a voltmeter
or as a higher range ammeter provided a resistance
is added to it. Pick the correct range and resistance
combination(s).

PHYSICS FOR YOU | OCTOBER ‘20

22.

23.

24.

25.

26.

(a) 50 V range with 10 kQ resistance in series
(b) 10V range with 200 kQ resistance in series
(c) 5mA range with 1 Q resistance in parallel
(d) 10 mA range with 1 Q resistance in parallel
A direct current I flows

along a long straight wire 1

as shown in the figure.
From point O the current ®
spreads radially all over on

infinite conducting plane
perpendicular to the wire.

Then

(a) magnetic field in region @ is non-uniform
(b) magnetic field in region @ in non-uniform
(c) magnetic field in region @ is non-uniform
(d) magnetic field in region @ is zero.

@)
0
®

A current I flows in a long round uniform

cylindrical wire made of paramagnetic material

with susceptibility . Which of following statements

are correct regarding the surface molecular current

(L) and the volume molecular current (I,) ?

(a) Boththe currentsI;and I, have same magnitude.

(b) Both the currents I, and I, have different
magnitude.

(c) Both the currents I, and I, flow in the same
direction.

(d) Both the currents I, and I, flow in the opposite
directions.

Numerical Value Type

A current I = 10 A flows in a ring of radius ry = 15 cm
made of a very thin wire. The tensile strength of the
wire is equal to T = 1.5 N. The ring is placed in a
magnetic field, which is perpendicular to the plane
of the ring so that the forces tend to break the ring.
Find B (in T) at which the ring is broken.
An elevator carrying a charge
of 0.5 C is moving down with
a velocity of 5 x 10> m s™L. The

4m
elevator is 4 m from the bottom v
and 3 m horizontally from P as o P
shown in figure. What magnetic 3m

field (in uT) does it produce at point P?

Aniron of volume 10™* m® and relative permeability
1000 is placed inside a long solenoid wound with
5 turns per cm. If a current of 0.1 A is passed
through the solenoid, find the magnetic moment of
the rod.



Comprehension Type Column I Column II

A thin, uniform rod with negligible mass and length (4) In the given situation, (P) Resultant force is
0.200 m is attached to the floor by a frictionless hinge at acting along B,
point P as shown in the figure. A horizontal spring with (B) If loop is rotated (Q) Resultant force
force constant k = 4.80 N m~! connects the other end of such that i:m is along is acting opposite
the rod to a vertical wall. positive z-direction to Fm
The rod is in a uniform k . _ .
magnetic field B = 0.340 T %’ L }:m})lp ; 'roatlated S A
directed into the plane of ::;atilveatz d}i"r elcstio:ng
;h: g;?r:’?:;?ﬁdf?:f:: ’/I (D) If loop is 'rotated (S) F,=0,F,=0
direction shown. 53.0° such that P is along
P positive y-direction
27. Calculate the torque due to the magnetic force on A B C D
the rod, for an axis at P. (a) P PR S Q
(a) 0.0442N m™, clockwise (b) S PR PR QS
(b) 0.0442 N m~!, anticlockwise © Q PR PR PS
(c) 0.022 N m™}, clockwise (d) R RS QR PQ
(d) 0.022 N m-!, anticlockwise . .
30. Three wires are carrying same constant Y
28. When the rod is in equilibrium and makes an angle current I in different directions. Loopt
of 53.0° with the floor, is the spring stretched or Four loops enclosing the wires in ) Loop 2
compressed? different manners as shown in the Loop3
(a) 0.05765 m, stretched figure. The direction of dI is shown , Loop 4
(b) 0.05765 m, compressed in each loop. Match the entries
(¢) 0.0242 m, stretched of column I with entries of column II.
(d) 0.0242 m, compressed Column I Column II
Matrix Match Type (A) Along closed loop 1 ® #5. dil = !
29. An elementary current loop is placed in a non- o
uniform magnetic field as shown in the figure, (B) Along closed loop 2 Q) ¢B-d1 ==l

where, P, is magnetic moment of loop. In column

I different orientations of loop are described and in (€) Along closed loop 3 (R) #B ~dl=0

column II, the corresponding forces experienced by (D Along closedloop4 (S) Net work done by
the loop. Match the entries of column I with entries the magnetic force to
of column I1. move a unit charge
i Y along the loop is zero
e — A B ¢
E@‘&X @RQ QR QS RS
2 b Qs BS RS RS
I 5 (©) PQ PR Qs PBS
—
(d) BS QS R,S R,S PP

Keys are published in this issue. Search now! ©

Check your score! If your score is
w. EXCELLENT WORK !  You are well prepared to take the challenge of final exam.

No. of questions attempted  ...... GOOD WORK ! You can score good in the final exam.
No. of questions correct ... SATISFACTORY ! You need to score more next time
Marks scored in percentage  ...... < 60% ‘ NOT TORY! Revise th hly and gthen your ts.
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NEET/JEE

Brush up your concepts to get high rank in NEET/JEE (Main and Advanced)
by reading this column. This specially designed column is updated year
after year by a panel of highly qualified teaching experts well-tuned to the
requirements of these Entrance Tests.

System of Particles and Rotational Motion

= CENTRE OF MASS OF A RIGID BODY

o Ideally a rigid body is a body with a perfectly
definite and unchanged shape. The distances
between all pairs of particles of such a body do not
change. e.g., fan, pen, stone etc.

¢ For a system of particles, centre of mass is an
imaginary point at which its total mass is supposed
to be concentrated.

o Ifco-ordinates of particles of masses m,, m,, ...... are
(X Y1525 (X0, ¥2:29)s cvveee thenposmon vector of their

center of mass is Ry =xcyi+ Y j+2cak
ml(xli+y1j+zlk)+mz(x3i+y3j+22k)

* "’3(*‘1;+}‘3;+23I‘<)+ ......

my+my+my+....
(myx) +myxy +...)i+(myyy +my p,..) §

+ (myzy +myz, +...)k

my+my +my ...

mlxl + IHZX,
¥ XM=
my +m, +

m y, +m2y7 +... .
' D L. G
my+my +...

myz) +myzy +
> Zem=
my+my+...

(54) PHYSICS FOR YOU | OCTOBER ‘20

my(xy, ¥y, 2y)
4 my(x, ¥3, 25)

» Ma(x3, 3, 23)

(X Y 20)

If the system has continuous distribution of mass,
treating the mass element dm at position 7 as a
point mass and replacing summation by integration.

= | G
Rey = er dm

and xc = Lj.xdm‘y M= LIydm,z M= szdm
cMT ™M= M=

It may be inside or outside of the body.

Its position depends on the shape of the body.

For a given shape it depends on the distribution of
mass within the body and is closer to massive part.
For symmetrical bodies having homogeneous
distribution of mass it coincides with centre of
symmetry of geometrical centre.

If we know the centre of mass of parts of the system
and their masses, we can get the combined centre of
mass by treating the parts as point particles placed
at their respective centre of masses.



It is independent of the co-ordinate system, e.g., the
centre of mass of a ring is at its centre whatever be
the co-ordinate system.

If the origin of co-ordinate system is at centre of

mass, i.e., Roy =0
Then by definition ﬁZm,ﬁ =0 = Y,mii=0

» The sum of the moments of the masses of a
system about its centre of mass is always zero.

» For a system of two point masses m,ry = m,r,
T T
“« st
D — ]
"ye——a———————em,
CM
myL
my + my

mL
my +m,

‘The centre of mass lies closer to the heavier mass.

Centre of mass of symmetric body
» Rectangular plate (By symmetry)

b VA
X = E, —b—»
e
Ye=3 ¥ CM |L
Ye
' x
3 p
» Triangular plate (By qualitative arg t)
At the centroid, y
h
Ye= 3
x.=0 A
}'rI
0 X
> Semi-circular ring VA
2R -
Ye= 7’ x.=0

» Semi-circular disc

4R
Y=oz

x.=
3n’ ¢

» Hemispherical shell s

ye= 30 %20 1 Nejan\

——t—>>x
O
> Solid hemisphere A
3R
oo pflEN
8 1 %; b x
Oi
» Circular cone (solid)
Y
h h
Ye= I' x. =0 y‘I Ci
= >
» Circular cone (hollow)
h
Ye= 3 x. =0 h
Ay JE
MOTION OF CENTRE OF MASS

For a system of particles, position of centre of mass
= M+ Ty + Mgl + ...
is Ry = TALT Mol ¥ 3Ty

- my+my +my+.....

Velocity of CM
Gem = My +myvy +...... ( £=;]
m+my +...... dt
Acceleration of CM
Bg mydy + MGy + ... ( . ﬂ]
my+ny +... dt

Linear momentum of a system of particles is equal
to the product of mass of the system with the
velocity of its centre of mass.

If no external force acts on a system the velocity of
its centre of mass remains constant, i.e., velocity of
centre of mass is unaffected by internal forces.

- My,
From Newton's second law F,,, = w
If F,, =0 then v, =constant.
PROBLEM SOLVING TRICKS

(For centre of mass problems)
Make full use of the symmetry of the object, be it
point, line, or plane.
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If the object can be divided into several parts, treat
each of these parts as a particle, located at its own
centre of mass.

Choose the axis wisely : If given system is a group
of particles, choose one of the particles as origin. If
system is a body with a line of symmetry, consider
it as x-axis. The choice of origin is completely
arbitrary ; the location of the centre of mass is same
regardless of the origin from which it is measured.

PURE ROTATIONAL MOTION

A body is said to be in pure rotational motion if
the perpendicular distance of each particle remains
constant from a fixed line or point and do not move
parallel to the line, and that line is known as axis of
rotation.

Angular displacement 6 = =
r
Where s = length of arc traced by the particle.

r = distance of particle from the axis of rotation.

Angular velocity ® = %

do
Angular acceleration o0 = T

All the parameters 6, @ and o are same for all the
particles. Axis of rotation is perpendicular to the
plane of rotation of particles.

If o = constant, then

W=, +0at  where o, = initial angular speed

1
0 =ayt+ af’ t = time interval
o= mf, + 200
These equations are known as equations of rotational
motion.

1 1
Total kinetic energy = 5 mvi + 5

% (m,rf + mzrzz b s ) o
= % Iov?; where I= Moment of inertia = 7 + myr3 + ...
= angular speed of body.

MOMENT OF INERTIA

The property of a body by virtue of which it opposes
any change in its state of rotation about an axis is
known as moment of inertia.

PHYSICS FOR YOU | OCTOBER ‘20

The moment of inertia of a rigid body about a
given axis is the sum of the product of the masses
of its constituent particles and the square of their
respective distances from the axis of rotation.

n
1=y mr?

i=1
Moment of inertia of a body about an axis not only
depend upon the mass of the body but also upon the
distribution of its mass about the axis of rotation.
Greater is the part of the mass of the body away
from the axis of rotation, greater is the moment of
inertia of the body about that axis.
The radius of gyration
K of a body about
an axis of rotation is
defined as the root
mean square distances
of the particles from the
axis of rotation and its y
square when multiplied with the mass of the body
gives moment of inertia of the body about the axis.

K= n +rz

~

~
R
=

n
= root mean square distance of a particles from
axis OZ.
Two Important Theorems on Moment of
Inertia :
» Perpendicular axes theorem (Only applicable
to plane lamina (that means for 2-D objects
only)):

L=1+1, (Object is in x-y plane)
Where I, = moment of z "
inertia of the body about

z-axis.

I, = moment of inertia of
the body about x-axis.
I, = moment of inertia of
the body about y-axis.
L=I+1
L=1+1,

Body is in x-y plane

(Object is in x-z plane)

(Object is in y-z plane)

» Parallel axes theorem (Applicable to any type
of object) :



Lig=L, + Md®
Where
I

em

= Moment of inertia of the
objectaboutan axis passing
through centre of mass and
parallel to axis AB B

7 I,z = Moment of inertia of the object about

axis AB

M
d

= Total mass of object
= Perpendicular distance between axis
about which moment of inertia is to be
calculated and the one passing through

the centre of mass.

* Moment of inertia and radius of gyration of some regular bodies about specific axis

Body Axis of rotation Moment of | Radius of
inertia (I) | gyration (K)
about an axis passing through centre and perpendicular MR R
to its plane
g [ R
Uniform circular ring | abouta diameter At A
of mass M and radius R 5 :
about a tangent in its own plane EMRZ ER
about a tangent perpendicular to its plane 2MR? RV2
about an axis passing through centre and perpendicular 1 MR? R
to its plane 2 2
: 1. m2
Uniform circular disc inats diameter 4 ME R
of mass M and radius R 5 R
: about a tangent in its own plane 1 MR? \/53
about a tangent perpendicular to its own plane %MR2 %R
e S 2
about its diameter ZMR 2R
Solid sphere of radius R 5 5
and mass M 7 7
about a tangential axis ;MR2 ER
about its diameter 2 MR? ER
Hollow sphere of radius 3 3
R and mass M S 5
about a tangential axis ;MR —R
3
R
about its own axis lMR2 -
2 2
o about an axis passing through centre of mass and |, i A ﬁ 2 R?
Solid cylinder of length | perpendicular to its own axis 12 4 nty
1, radius R and mass M
2 R 2 R
about the diameter of one of the faces of cylinder M £y + =y —p=
3 4
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about its own axis

MR? R

Hollow cylinder of : y . ot s
mass M and radius R | about an axis passing thro'ugh its centre of mass and M R = r
perpendicular to its own axis 2 12
about an axis through centre of mass and perpendicular M2
to the rod 12
Thin rod of length L
2
about an axis through one end and perpendicular to rod ML
3

Rectangular lamina of

length and breadth b | perpendicular to plane

about an axis passing through its centre of mass and

IV L |
12 12

Uniform cone of radius

R and height h joining its vertex to centre of base

about an axis passing through its centre of mass and 3

~ MR? A
10 10

Parallelopiped of length

I, breadth b, height h | about its central axis

ul B2 [Rep?
12 12

and mass M
< TORQUE F = force applied on the body
e It represents the capability of a force to » If forces F, and F, are applied on the body to

produce change in the rotational motion of the body.
« Torque of force F abouta

Line of action
of force

point T=7 X F,

where F = force applied

P = point of application
of force

Q = point about which we
want to calculate the torque.

7 = position vector of the point of application

of force from the point about which we want to

determine the torque.

» |dl=rFsin@=r F=rF
Where 8 = angle between the direction of force
and the position vector of P with respect to Q.
r) = perpendicular distance of line of action of
force from point Q.
F, =force arm .
« Torque acting on the body about the axis of
rotation, T=7 x F
7 = position vector of the point of application of o
force about the axis of rotation
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e)

rotate it in anti-clockwise direction and Fj
makes body to rotate in clockwise direction.
Then,

Tresuliant = F1r1 + Fary — Fary (in anti-clockwise
direction)

> Ry =H+ T+
» Torque produced by a force about an axis can
be zero if force vector
(i) is parallel to the axis of rotation.
(ii) passes through the axis of rotation.
If net external torque acting on the body is zero,
then the body is said to be in rotational equilibrium.
ie., Zim =0.
Relation between T and 6. (angular acceleration):
i=Ia



Torque is also change in angular momentum

. dL

T=—

dt

Work done by a torque and power of a torque : If
a torque T applied on a body rotates it through an
angle A, the work done by the torque is

AW =1A0
or work done = torque x angular displacement
Power of a torque is given as

AW _t80_
At At
i.e., Power of a torque = torque x angular velocity
* ANGULAR MOMENTUM

Angular momentum of a particle in motion about

a fixed point (O)

> Suppose a particle A has a linear momentum
p=mv as shown in the figure.

» Angular momentum of particle A about point
Owillbe, L=7x p=7 x(m¥)=m(7 x¥)

» Magnitude of LisL=mvrsin0= mvr, where
0 is the angle between 7 and p.

» Direction of L will be given by right hand
screw rule. As shown in figure, direction of L
is perpendicular to paper inwards.

» If the particle passes through point O, r; = 0.
Therefore, angular momentum is zero.

Angular momentum of a rigid body in pure rotation

about axis of rotation
w (0}

(a) (b)
» Ifarigid body is in pure rotation about a fixed
axis, then angular momentum of rigid body
about this axis will be given by L = Iy

" ROTATIONAL

Angular momentum of a rigid body in rotation plus
translation about a general axis

» There will be two terms
(a) Lo

» From right hand screw rule, we can see that
I.o and mvr| both terms are perpendicular to
the paper in inward direction. Hence, they are
added.
or Lyg =10+ mvr,

» Inaproblem, if these two terms are in opposite
directions then they will be subtracted.

» Law of conservation of angular momentum : If
no external torque acts on asystem, total angular
momentum of the system remains unchanged.
In the absence of any external torque,

L = Io = constant

(b) mvr, =mvr,

or [0, = Lm, or I «%:lz ;_—:

PLUS TRANSLATIONAL

MOTION OF A RIGID BODY

A complex motion of rotation plus translation can

be simplified by considering

» The translational motion of centre of mass of
the rigid body.

» Rotational motion about the centre of mass.

Now, velocity of point

P is the vector sum of

two terms v and ro.

Here v is common for

all points, while ro is

different for different

points, as r is different.

v, = V2 +(r0)? + 2r)(r) cos(90°~ )

= Jvz +r20% +2vr@ sin®
Acceleration of point P is the vector sum of three terms.
(acceleration of CM)
(acting towards centre O)

s oa

= ro?
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®

(acting tangentially)

Again, here a is
common for all

points,  while 5
a, and a, are
different. Gl

Uniform pure rolling : In which v and ® remain
constant.

Conditionofpurerollingis
v = Rw. In this case
bottommost  point  of
the spherical body is at

rest. It has no slipping i

with its contact point on

ground. Because ground Ro i
point is also at rest. P

» If v > Rw, then net velocity of point P is in the
direction of v. This is called forward slipping.

» If v < Ro, then net velocity of point P is in
opposite direction of v. This is called backward
slipping.

»  Ifaspherical body is rolling over a plank, condition
for no slipping between spherical body and plank
is, v - Rw=v,

Accelerated pure rolling:: If vand o are not constant

then, a = Ra is an additional condition for pure

rolling on horizontal ground, which takes place in
the presence of some external forces.

Here friction plays very

important role. Magnitude

and direction of friction is

so adjusted that equation ("

a=Raissatisfied. Iffriction

is insufficient for satisfying the equation a = Ra,

slipping (either forward or backward) will occur

and kinetic friction will act.
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MOTION OF A SPHERICAL BODY ON ROUGH
INCLINED SURFACE
Minimum  value  of
coefficient of friction
required for pure rolling,
tan®

min l+ m_Rz e

1
1fu =0, body will slip downwards (only translational
motion) with an acceleration,
a;=gsin®
If i > W, body will roll down without slipping
with an acceleration, (rotation + translation both)

_ gsin®

e
I+—
mR?

a

»  Whenp>p,,, force of friction will act upwards.
Magnitude of this force is,
_ mgsin®
s
» If @ < W, body will roll downwards with
forward slipping. Maximum friction will act in
this case. The acceleration of body is
a3 =gsin0 - pugcosO
Comparison of pure rolling and pure sliding on a
inclined plane

Physical Pure Pure
quantities rolling sliding
gsin®
Acceleration i K? gsin®
'2
2gh
Velocity K? \2gh
oy
r
Time taken to 2
cover the distance | 2s [1 = ) 2s
s, where K is the - gsin®
radius of gyration. gsin®




# ANGULAR IMPULSE

Linear impulse when multiplied by perpendicular
distance gives angular impulse. Angular impulse is
also equal to change in angular momentum.

P

A rigid body is kept over a smooth table. It is hit
at a point by a linear impulse p at a perpendicular
distance 7, from C as shown. Since it is hit at
some perpendicular distance from C its motion is
rotational plus translational. Velocity of centre of
mass will be given by, v =£
Angular velocity of rigid body is,

PXT)

1
» (pxr,) =angular impulse = change in angular
momentum = Jo.

ANALOGY BETWEEN TRANSLATIONAL
MOTION AND ROTATIONAL MOTION

w=

T Tati 1 R

Tr ional motion ‘

motion about a fixed axis

Displacement x

Angular displacement 6

Vocky v=duiy | M locy
Acceleration Angular acceleration
a=dv/dt o = do/dt
Mass M } Moment of inertia I
» Force F= Ma Torque T = Iat
mWork dW = Fds "ENork dW = td6 1

Kinetic energy of a | Kinetic energy of a rotational

translational motion | motion
Ky=Mv*/2 Ky = I0?/2
Power P = Fv Power P = tm

p=Mv

Linear momentum Angular

momentum L = In

Equations of
translational motion

Equations of
rotational motion

v=u+at =W+ ot

1 1
(ii) s=ut +—at> 9=w0t+—ar2
2 2
(iii) v* - u? = 2as o - @y’ =200

. a
(V) s, =u+ 5(2”_ D | 0,4 =0+ %(Zn— 1)

# WRAP:t vp!

The centre of mass of a non-uniform rod of length

2
L whose mass per unit length ), = & where Kisa

constant and x is the distance from one end is

i @X

8 L
A uniform rod AB of mass m and length 2a is
falling freely without rotation under gravity with
AB horizontal. Suddenly the end A is fixed when
the speed of the rod is v. The angular speed with
which the rod begins to rotate is

@ * @ X
4 L

Wl = BL @
2a 3a 3a 4a

3. A semicircular lamina of mass m, radius r and

centre at C is shown in the figure. Its centre of mass
is at a distance x from C. Its c
moment of inertia about an axis
through its centre of mass and @
perpendicular to its plane is

(a) %mrz (b) imr2
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1
Emr2 +mx?

()

(d) %mr2 —mx?

Three identical rings, each of mass M and radius
R are arranged as shown in figure. The moment of
inertia of the arrangement about YY" is

(@) —MR?

2

(b) MR

© mr?
2

@ Zmr?
2

A ring of mass m and radius R has three particles
attached to the ring as
shown in the figure. The
centre of the ring has a
speed v, If the system is
in pure rolling then the
kinetic energy of the
system is

(b) 12mv}
(d) 8mv§

A solid sphere and a solid cylinder of same mass
are rolled down on two inclined planes of heights
hy and h, respectively. If at the bottom of the plane
the two objects have same linear velocities, then the
ratio of h, : h, is

(@) 2:3  (b) 7:5 () 14:15 (d) 15:14

A horizontal turn table in the form

of a disc of radius r carries a gun at

G and rotates with angular velocity

, about a vertical axis passing

through the centre O. The increase

in angular velocity of the system if

the gun fires a bullet of mass m with a tangential
velocity v with respect to the gun is

(moment of inertia of gun + table about O is I)

(a) 6 mvg

(c) 4 mvg

2
@ 6
Iy +mr 0
v mvr
© L @ 5

Three identical rods, each of length I, are joined to
form an equilateral triangle. Its radius of gyration
about an axis passing through a corner and
perpendicular to the plane of the triangle is
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9.

10.

1

-

1

N

13.

14.

1 1
@ 3 (d) o1

3 1
(b) \/: I —-=

2 V2 V3
A uniform disc of radius R lies in x-y plane with
its centre at origin. Its moment of inertia about the
axis x = 2R and y = 0 is equal to the moment of
inertia about the axis y = d and z = 0. Where d is

equal to
Ji7 Jis

4 17 15
(a) 3R (b) 3 R (c) 3R (d) ) R
A constant power is supplied to a rotating disc.
Angular velocity () of disc varies with number of
rotations (n) made by the disc as
(a) wen'? b) oo n??
() wen? (d) wen?

. A disc is rolling on the inclined plane. What is the

ratio of its rotational KE to the total KE?
(a) 1:3 (b) 3:1 (c) 1:2 (d) 2:1

. A boat of 90 kg is floating in still water. A boy of

mass 30 kg walks from the stern to the bow. The
length of the boat is 3 m. Find the distance through
which the boat will move.

(a) 0.75m (b) 0.90m (¢) 1.0m (d) 1.5m

A disk and a sphere of same radius but different
masses roll off on two inclined planes of the same
altitude and length. Which one of the two objects
gets to the bottom of the plane first?

(a) Both reach at the same time

(b) Depends on their masses

(c) Disk

(d) Sphere

From a disc of radius R and mass M, a circular
hole of diameter R, whose rim passes through the
centre is cut. What is the moment of inertia of the
remaining part of the disc about a perpendicular
axis, passing through the centre?

(a) 11 MR%/32 (b) 9 MRY32

(c) 15MR%/32 (d) 13 MR*/32

. A uniform circular disc of radius 50 cm at rest is free

to turn about an axis which is perpendicular to its
plane and passes through its centre. It is subjected
to a torque which produces a constant angular
acceleration of 2.0 rad s Its net acceleration in
m s~ at the end of 2.0 s is approximately

(a) 6.0 (b) 3.0 (c) 80 (d) 7.0



16.

20.

. A cubical block of side 30 cm is

An automobile moves on a road with a speed of
54 km h™". The radius of its wheels is 0.45 m and
the moment of inertia of the wheel about its axis of
rotation is 3 kg m?. If the vehicle is brought to rest
in 155, the magnitude of average torque transmitted
by its brakes to the wheel is

(a) 1086kgm?s? (b) 2.86kgm’s™

(c) 6.66kg m?’s?  (d) 8.58 kg m’ s

. In the figure shown ABC is A

a uniform wire. If centre of
mass of wire lies vertically o
B C

below point A, then 2 is
AB

close to
(a) 1.85 (b) 15 (© 137 (d)3
. A roller is made by joining B D

together two cones at their
vertices O. It is kept on two

rails AB and CD vl\)rhich are ““0 N
placed asymmetrically

(see figure), with its axis A C
perpendicular to CD and its centre O at the centre
of line joining AB and CD (see figure). It is given a
light push so that it starts rolling with its centre O
moving parallel to CD in the direction shown. As it
moves, the roller will tend to

(a) turn left (b) turn right

(c) go straight

(d) turn left and right alternately

a=30cm

moving with velocity 2 m s on

a smooth horizontal surface. 055
The surface has a bump at a point O as shown in
figure. The angular velocity (in rad/s) of the block
immediately after it hits the bump, is

(a) 13.3 (b) 5.0 (c) 94 (d) 6.7

Concrete mixture is made by mixing cement, stone
and sand in a rotating cylindrical drum. If the drum
rotates too fast, the ingredients remain stuck to the
wall of the drum and proper mixing of ingredients
does not take place. The maximum rotational speed
of the drum in revolutions per minute (rpm) to
ensure proper mixing is close to

(Take the radius of the drum to be 1.25 m and its
axle to be horizontal)
(a) 270 (b) 04

(c) 1.3 (d) 8.0

SOLUTIONS

B

(a): B 8
x=0 I x=L
bl
X dx
K2
Mass of the element PQ is dm=ldx=T-dx
3 Iy
L L Kx =
fyxdm foT""_[4] £
A fEam IL&Z L ¢
0 L 3
A B AT\ B
(): ——x 7 —J )
v/

Angular momentum about A will be conserved,

ie, Li=Lf ma)
or mva=Iwor mva= o
3v
0n=—
4a
(d): We know, I = mr?/2 c

Using parallel axes theorem,
Io= Iy + mx?

Iey=1Ic- mx® = mrl2 - my

(d): Moment of inertia of ring I about YY" = % MR?
3
Moment of inertia of ring Il about YY'= EMRZ

Moment of inertia of ring III about YY" = % MR?

Moment of inertia of the system about YY"

3 M2 3 mr2 s L2 =7 mR?
2 2 2 2

(a): As we know, KE = KE,,,, + KEq,.
2
1 1 v,
KE=Em(v(2,)+3(mR2)(I°)
1 1
5 Gm&/2) + 2 m2ve) —
(c)
(a) : Given, I, is the moment of inertia of table and

gun and m is the mass of bullet.
Initial angular momentum of system about centre

Li= (I, + mr®) @ (i)
Let o be the angular velocity of table after the bullet
is fired. Final angular momentum
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11.
. (a): As shown in figure, let C}, C, and C be the

®

L=1o + mro - mvr
or Lf= Iw-m(v-ro)r ...(ii)
where (v - rw) is absolute velocity of bullet to the

right.
From egs. (i) and (ii), we get
w=a)= mvr

o I+ mr?

This is the increase in angular velocity.
(c) : Moment of inertia of all the three rods is
2 2 2
1=ﬂ+ﬂ+ ﬂ+M @ =§M{2
3 3 12 2 2

AsI= MK?
1

So, MK =2 MP = K=
2 2

(b): An axis passing
through x=2R, y =0 is
in ® direction as shown
in figure. Moment of
inertia about this axis
will be

1 9
I =EmR2 +m(2R)? =EmRZ i)

Axis passing through y = d, z= 0 is shown by dotted
line in figure. Moment of inertia about this axis will
be

I =imR2 +md? (i)
By equations (i) and (ii), we get

iz

lmRz«kmd2 =2mR2 ord=—R
4 2 2

. (a): We have P= 1.0

or I md—m =P or w'do= Ede
do 1

On integration, we find that o o (O

or me< (n)”"'

(a)

centres of mass of the boy, boat and the system
(boy and boat) respectively. Let x, and x; be the
distances of C; and C, from the shore. Then the
centre of mass will be at a distance,

teu= 30x +90x,
30+90
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13.

14.

CeeC e

L]

Xem
*1

G °C °C l

Shore| M He— >

As the boy moves from the stern to the bow, the
boat moves backward through a distance d so that
position of the centre of mass of the system remains
unchanged.

. 30[x; —(3=d)]+90(x, +d)
X(y =

30+90

As Xy = Xoum
30(x; =3+d)+90(x, +d) _ 30x; +90x,

120 120
or-90+30d+90d=0
ord=0.75m

(d): Time taken by the body to reach the bottom
when it rolls down on an inclined plane without
slipping is given by

Hence, the sphere gets to the bottom first.

(d): Mass per unit area of disc = iz
Mass of removed portion of disc, &

M __(RY M
—xnl = | =—
ar? (2 4

Moment of inertia of removed 0

portion about an axis passing .

M=

through centre of disc O and
perpendicular to the plane of
disc,



Ip=Iy+Md

1M (R M_(R
= =x—x| = +—x| =

2 4 \2 4 \2
- MR® MR® _3MR?

32 16 32
When portion of disc would not have been removed,
the moment of inertia of complete disc about centre
Ois
12

lo= MR

So, moment of inertia of the disc with removed
portion is
3MR® _13MR?

32 32

I=Ip-TIp= %an-

. (c): Given,r=50cm=0.5m,a=2.0rad s, my=0

Attheendof 2 s,
Tangential acceleration, a,=ra=0.5x2=1m s2
Radial acceleration, a, = 0’ = (wg + at)’r
=(0+2><2)2><0.5=8ms‘z
Net acceleration,

a= \a,2+a3=\/12+82=\/5=8ms'2

. (¢) : Here,

Speed of the automobile,

v=54kmh™ =54x% ms'=15ms™

Radius of the wheel of the automobile, R = 0.45 m
Moment of inertia of the wheel about its axis of
rotation, I = 3 kg m*

Time in which the vehicle brought to rest, t = 15 s
The initial angular speed of the wheel is

-1
15ms < -
“’i=l= =@rads l=mmds !
R 045m 45 3
and its final angular speed is
@7 =0 (as the vehicle comes to rest)
The angular retardation of the wheel is
0 100
o -, ==
TR 3 100 g2
t 15 45

The magnitude of required torque is

t=I|o|=(3 kg mz)(%rad s2 ]

=? kg m%s™2 =6.66 kg m%s~?

17.

20.

(c): Let AB=p
BC=gq
= linear mass density

of the rod g
According to question, centre of mass of the rod lies
vertically below point A.

(Aq) 1 +(Ap) 2 cos 60°
X = pcos60°= 2 2

Mp+q)
“.r r
= 2o2 42 =g+ B
2 (p+q 2
2
- 1+1="—2+1=(1]-i-1=0
p pr 2 \p) p2
2 1
p- 2x1 2
Possible value of L # =1.366=1.37
P
(a)

. (b): Since no external torque acts on the system,

therefore total angular momentum of the system
about point O remains constant.
Before hitting, I, = mv%
After hitting , Ly = Io
a mva
omyv—=Ioor ®=——o
2 21

Here, I = moment of inertia of cube about its edge

2
=ma—+m@ =ma2 maz=2ma2
6 2 6 2 3
s max3 v _ 3X2 . ods
2x2ma® 4a 4x03

(a) : Radius of the drum, R = 1.25m
For just one complete rotation, speed of the drum
at top position,

Angular velocity of the drum, w= % = %
o=, ﬂrads":ﬂ irpm =27 rpm
1.25 2r\V1.25

o

®
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CLASS-XI

=4 warm-up!

Practice questions for CBSE Exams as per the reduced syllabus, latest pattern
and marking scheme issued by CBSE for the academic session 2020-21.

CHAPTERWISE PRACTICE PAPER :
Laws of Motion | Work, Energy and Power

Time Allowed : 3 hours
Maximum Marks : 70

only one of the choices in such questions.

(viii)In addition to this, separate instructions are given with each section and question, wherever necessary.

(ix) Use of calculators and log tables is not permitted.

GENERAL INSTRUCTIONS

Read the following instructions very carefully and strictly follow them.

(i) This question paper comprises four section - A, B, Cand D.

(ii) There are 37 questions in the question paper. All questions are compulsory.

(iii) Section A - Questions no. 1 to 20 are very short answer type questions carrying 1 mark each.
(iv) Section B - Question no. 21 to 27 are short answer type questions carrying 2 marks each.

(v) Section C - Questions no. 28 to 34 are long answer type questions carrying 3 marks each.

(vi) Section D - Questions no. 35 to 37 are also long answer type questions, carrying 5 marks each.
(vii) There is no overall choice in the question paper. However, an internal choice has been provided in 2 questions of
1 mark, 2 questions of 2 marks, 1 question of three marks and all the 3 questions of five marks. You have to attempt

(x) You may use the values of physical constants wherever necessary.

N

\

,

SECTION-A

Directions (Q. No. 1-10) : Select the most appropriate
option from those given below each question.

If the normal force is doubled, the coefficient of
friction, is
(a) halved
(c) not changed

(b) doubled
(d) one fourth

A block of mass 10 kg is placed on rough horizontal
surface whose coefficient of friction is 0.5. If a
horizontal force of 100 N is applied on it, then
acceleration of the block will be

[Take g = 10 ms?)

(a) lOms (b) 5ms

(¢) 15ms>2 (d) 0.5m "o

A cork of mass 10 g is floating on water. The net force
acting on the cork is

(66 PHYSICS FOR YOU | 0CTOBER ‘20

(@) ION  (b) 10°N (c) 102N (d) zero

A shell of mass 200 g is fired by a gun of mass
100 kg. If the muzzle speed of the shell is 80 m ™!,
then the recoil speed of the gun is

(a) 16cm st (b) 8cm st (c) 8m st (d) 16m st

Which of the following statements is correct about

friction?

(a) The coefficient of friction between a given pair
of substances is largely independent of the area
of contact between them.

(b) The frictional force can never exceed the reaction
force on the body from the support surface.

(c) Rolling friction is only slightly smaller than
sliding friction.

(d) The main source of friction is the irregularity of
the surfaces in contact.



6. A body with mass 5 kg is acted upon by a force
F‘:(-S?«L 4}) N. If its initial velocity at t = 0 is
ﬁ=(6?-123’) m s~), the time at which it will just
have a velocity along the y-axis is
(a) 20s (b) 10s (c) 2s (d) 15s

7. Abody is being raised to a height h from the surface
of earth. What is the sign of work done by
(i) applied force (i) gravitational force?
(a) Positive, Positive (b) Positive, Negative
(c) Negative, Positive  (d) Negative, Negative

8. Aforce (4i+ }— 2b N acting on a body maintains its
velocity at (2 i+ 23 +3k)m s The power exerted is
(@) 4W (b)) 5W () 2W (d) 8W

9. Which of the following figures correctly shows the
change in kinetic energy of an iron sphere falling

freely in a lake having sufficient depth to impart it a
terminal velocity?

(@ K.E. ) K.E.

Depth Depth

© " @ K&

Depth Depth
10. Abody isinitially at rest. It undergoes one dimensional
motion with constant acceleration. The power
delivered to it at time t is proportional to
@t mt @ @
Directions (Q. No. 11-15) : Fill in the blanks with
appropriate answer.
11. The motion of particle of mass m is given by

y=ut +%g¢2 . The force acting on the particle is

12. A girl press her physics text book against a rough
vertical wall with her hand. The direction of the
frictional force on the book exerted by the wall is

13. A cyclist bends while taking turn to
OR

The coefficient of friction between the tyres and
the road is 0.1. The maximum speed with which a

cyclist can take a circular turn of radius 3 m without
skidding is . (Take g=10m %)

14. A force F acting on an object varies with distance
x as shown in the figure. The work done by the
force in moving the object from x=0tox =20 mis

20 x (in m)

5 10 15

15. A ball of mass m collides with a wall with speed v
and rebounds on the same line with the same speed.
If the mass of the wall is taken as infinite, then the
work done by the ball on the wall is :

Directions (Q. No. 16-20) : Answer the following.
16. About4x 10" kg of matter is converted into energy

in the Sun each second. What is the power output of
the Sun?

17. What is a spring force?

18. Alight body and a heavy body have the same kinetic
energy. Which one will have the greater momentum?

19. State the principle of conservation of energy.

20. Write any two conditions under which work done
by a force is zero.

OR

How much height can a 60 kg man climb by using
the energy from a slice of bread which produces
100,000 cal? Assume that the efficiency of human
body is 28%?

SECTION-B
21. What is the tension in rod of length L and mass M
at a distance y from F; when the rod is acted on by
two unequal forces F) and F, (F, < F)) at its ends?

22. A sphere of mass m moving with a velocity u hits
another stationary sphere of same mass. If e is the
coefficient of restitution, what is the ratio of the
velocities of two spheres after the collision?

OR
A block of mass m moving at a speed v, compresses
a spring through a distance x before its speed is
halved. Find the spring constant of the spring.
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23.

24.

25.

26.

27.

A particle is projected making an angle of 45° with
horizontal having kinetic energy K. What is the
kinetic energy at highest point ?
What is kinetic energy? Does it depend on frame of
reference?

OR
The displacement x and time ¢ for a particle are
related to each other as t = \& +3. What is work
done in first six seconds of its motion?

Why does a pilot looping a vertical loop not fall
down even at the highest point?

Explain why a horse cannot pull a cart and run in
empty space.

The kinetic energy of a body decreases by 19%.
What is the percentage decrease in the magnitude
of linear momentum of the body?

SECTION-C

28.

29.

30.

31

®

An object of weight W
hangs from a rope that
is tied to other ropes
that are fastened to
the ceiling as shown in
figure. The upper ropes
make angles 0 and ¢
with the horizontal.

Find the tensions T), T, and T; in the three ropes.

Prove that the gravitational force is a conservative
force.

A locomotive of mass m starts moving so that its
velocity varies according to the law v= ks, where
k is constant, and s is the distance covered. Find the
total work performed by all the forces which are
acting on the locomotive during the first t second
after the beginning of motion.

OR
A ball of mass 1 kg hangs
in equilibrium from two
strings OA and OB as
shown in figure. What
are the tensions in strings
OA and OB?
(Takeg=10m s?)
A truck can move up a road rising 1 in 25 with a
speed of 24 km h~" with frictional force ( l/SO)lh of the
weight of truck. What will be the speed of the truck
moving down the same road with the same power?
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32.

33.

34.

Using component of force, show that it is easier to
pull a lawn roller than to push it.

Show that two identical particles move at right angles
to each other after elastic collision in two dimensions.

If the elongation in a spring of force constant k is
tripled, calculate

(a) ratio of final to initial force in the spring

(b) ratio of elastic energies stored in the two cases
(c) work done in changing to the state of elongation.

35.

36.

37.

A bob of mass m is suspended C

by a light string of length L. It ¥

is imparted a horizontal

velocity v, at the lowest point B
A such that it completes a
semi-circular trajectory in the
vertical plane with the string
becoming slack only on
reaching the topmost point, C as shown in figure.
Obtain an expression for (a) v, (b) the speeds at
points B and C (c) the ratio of the kinetic energies
at Band C (Kp/K).

O
A

OR

State and explain the Newtons second law of
motion. Hence deduce first and third law of motion
from second law of motion. A piece of cork is
floating on water. What is the net force acting on it?

A body of mass m; moving with speed u,, collides
with another body of mass m, at rest and sticks to
it. After collision they move together with speed v.
Find the loss in kinetic energy in the collision.
OR
(a) Define angle of friction. Deduce its relation with
coefficient of static friction.
(b) Define angle of repose. Deduce its relation with
coefficient of static friction.
Why does a cyclist lean inward when moving along
a curved path? Determine the angle through which
a cyclist bends from the vertical while negotiating a
curve.

OR

A body of mass m, moving with speed u), collides
with another body of mass m, at rest and sticks to
it. After collision they move together with speed v.
Find the loss in kinetic energy in the collision.
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SOLUTIONS

s 18
3.

10.

11.

(7]

(c) 2. (b)

(d): When the cork is floating, its weight is balanced

by the upthrust. Therefore, net force on the cork is zero.

(a)

(a) : The coefficient of friction between a given pair

of substances is independent of the area of contact

between them.

w > 1 for copper on cast iron.

Rolling friction is much smaller than sliding friction.

Irregularity of the surfaces in contact is not a main

contributor of friction.

(b) 7. (b)

(a): Force, F=(4i+)-2k)N

Velocity, 7= (27+2 '}\‘+ 3k)ms™
_ A oA A A

Power, P=F -7 =(4i+j-2k)-21+2}+3k)

=(8+2-6)W=4W

(b): When an iron sphere falls freely in a lake, its

motion is accelerated due to gravity and retarded

due to viscous force. The overall effect is increase in

velocity and hence increase in kinetic energy till the

sphere acquires terminal velocity which is constant.

Hence, kinetic energy of the sphere beyond this

depth of lake becomes constant. Hence, option (b)

represents the correct diagram.

1

(b): Using, v=u+at

v=at (- u=0)
As power, P= Fxv .. P=(ma)Xat= ma’t
As mand a are constants, .. Poct

1 2
Here, y=ut+—gt
2
dy
= Velocity, v=—"—=u+gt
elocity, v=—-=u+g

Acceleration, a= dv =g
dt

The force acting on the particle is
F=ma=mg

. Friction forces are always parallel to the surfaces

in contact, which in this case, are the wall and the
cover of the book. This tells us that the friction
force is either upwards or downwards. Because the
tendency of the book is to fall due to gravity, the
friction force must be in the upwards direction.

. A cyclist bends while taking turn to generate

required centripetal force.
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14.

2

OR
Here,r=3m,u=01,g= 10ms2
The maximum speed with which a cyclist can take a
turn without skidding is

Viax= JH7g =[01x(3m)10ms?) =3 ms™

5 10 15

20x (inm)

Work done = Area under F-x graph
W = Area of rectangle ABCD + Area of ACDE

= 100X10+§X10X100 = 1000 + 500 = 1500 ]

15. Since the wall has infinite mass therefore the

displacement is zero.

16. Energy liberated per second by the conversion of

4% 10" kg of matter, ie.,

E=mc=[(4x10") 3x10%?] ] =3.6 x 107]
Power output of the Sun = energy (work) liberated
per second

=36x107)s7'=3.6x 107 W

17. Spring force is the restoring force arising because of

compression or extension of spring.

Spring force, F o< (- x)

F=-kx

where x is the change in length and k is a constant
called spring constant or force constant. The negative
sign indicates that the spring force is opposite to
the direction of displacement of the spring from its
normal position.

[

2
. Kinetic energy, K= 2’;, oop=N2mK.
m

Since K is same for both bodies, p o< Jm ,i.e., the heavier
body has more momentum than the lighter body.

19. Law of Conservation of Energy : It states that energy

may be transformed from one form to another but
it can neither be created nor be destroyed. The total
energy of an isolated system remains constant.

=]

. Condition for work done by a force is zero:
(i) Ifforce and displacement are perpendicular to
each other.
(ii) If displacement of the particle is zero.



2

—

22,

OR
Effective work = mgh

ﬁ>< 100,000x4.2=60x9.8xh
100
_ 28x100,000% 4.2

o h=goxeoxos ™= 200m .
1
. Refer to figure, acceleration of the rod A
along Fy, I
_B=F) b

M
Mass of the part (say AB) of length y,

()

If T is the tension in AB, then

- mae{ 2, JAE)
L M

—

1
o~
&=

|
o
==

y 4 y
or T=F~-(F-E)Y =E[1-2 |+£[2
il U1 2)L |[ L]+ Z(L]

Here, u; = u, u;=0
gtz ViTh

w=u, u=0

or v-vi=eu

By the law of conservation of momentum,

(i)

mu+mx0=mvy+my,

or vi+v,=u (i)
Adding (i) and (ii),
2vy=u+eu=u(l+e)

or v, =u(lT+e) ..(iii)

Again, from (ii),
_ u(l+e) _u(l-e)

vy =u=vy=u 2 : ..(iv)
Divide eqn (iii) by eqn (iv)
v, _l+e
PRy
OR

Loss in kinetic energy of the block

2
wileia 1of¥ Y32
K—va0 2"{7) =gmMv%

Gain in elastic potential energy of the spring,
=L
U=3 kx

As U=K,

23.

24.

25

29.

2
3mv,

or k=
4x?

Initial kinetic energy, K = %mu2

Velocity at the highest point, '

u
= horizontal component of u =ucos45°=—=

&

1
Hence KE at the highest point, K’ = Emu’2

2
K'= lm(i] = l(lmuZ ): 5
2 \V2) 2.2 2
KE at highest point will be half of the initial kinetic

energy.

Kinetic energy is the energy possessed by an objects
due to its motion. Yes, it depends on frame of
reference because v is not an absolute value. It always
given relative to a reference frame.

OR
Given; t=x +3 = x=(t-3)*
Now, v=d—x=2(t—3)
dt
Att=0,v,=2(-3)=-6
Att=6,v,=2(6-3)=6
Work done = Change in kinetic energy

1
= Em(vf —vlz) =zero

. The forces acting on the pilot looping a vertical

loop are due to acceleration due to gravity, normal
reaction by the seat on the pilot and centripetal
force.
At highest point, the normal force and weight act in
vertically downward direction.

For the pilot not to fall down,

(i)

As long as (i) is satisfied, the pilot does not fall
down.

2 2
mv mv

N+mg<—=3IN<—=-mg
r r

As shown in figure (a), suppose a body of mass m
moves from point A to B. The work done against
gravity is

W =mgx AB = mgh

PHYSICS FOR YOU | OCTOBER ‘20
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Gie==tD.

i
i
As shown in figure (b), now suppose the body is
taken from point A to B along the path ACDEB.
During the horizontal path CD and EB, the force
of gravity is perpendicular to the displacement, so
work done is zero. Work is done only along vertical
paths AC and DE. The total work done is
W= Wyc+ Wep+ Wpe+ Wi
=mgx AC+0+mgxDE+0
=mg(AC+ DE)=mgxh or W=mgh
Thus the work done in movinga body against gravity
is independent of the path taken and depends only
on the initial and final positions of the body. Hence
gravitational force is a conservative force.

pZ

e
2

. Initial kinetic energy,

Initial momentum, p= J2mK
Decreases in K.E. = 19% of K = 0.19K
Final KE, K =K-0.19K=0.81K
Final momentum,

P’ =V2mK’ =2mx0.81K =0.9v2mK =0.9p

% decrease in momentum

PP 100= 27092 4 100=10%
P P

. The free body diagram for the forces acting at O, is
shown here.

¥
6T|sm9 T.
T “
X - u o 2 X
Tycos 0 Tycos &
w
e
From XF, =0,
T, cos¢-Ticos6=0 (1)
From X F, =0,
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26.

30.

Tysin0+T,sinp—W =0 ...(ii)

From eqns. (i) and (ii),

T,
T, sin9+(—&se)sin¢=w
cosO

or T)(sin® + cos O tan ) =W
W
(sin®+ cosBtand)

Similarly, T, = S S
¥ 5 (sin® +cos ¢ tan B)

or Tl=

and T;=W

While trying to pull a cart, a horse pushes the ground
backwards with a certain force at an angle. The
ground offers an equal reaction in the opposite
direction, on the feet of the horse. The forward
component of this reaction is responsible for motion
of the cart. In empty space, there is no reaction and
hence a horse cannot pull the cart and run.

Given: v=ks
dv _ k ds_ k l
= xks ==
at afsdt ads 2f 2
Force on the locomotive, F= md_v %mk2
dv K K
Again, —=— or dv=—dt
TR =3
2
Integrating, v= 7! +c
where ¢ is the constant of integration.
Suppose v=0at t = 0. Then, c =0
K ds _ k't kz
v=—t or —=— or ds=—
2 a2 Hisrg
2,2
Integrating, s=——+¢’
4 2,2

Supposes=0att=0. Then,c'=0 .. s=T
Work done = Fs
KB _mk't
4 8
OR
Various forces acting at
the point O are as shown
in figure. The three
forcesare in equilibrium.
Using Lami’s theorem,
L T, 10

Sin150°  sinl120°  sin90°

kZ




3

—

3

o

33.

sin30°  sin60° 1
T,=105sin30°=10x0.5=5N

3
and T, = 10 sin 60° =IO><-\/2:=5\/§N

. Here, sin6= 1

25
Total upward force required, F = mg sin6 + f

1 1 3
o Fem(s)e (s e=( e

3
Power, P=Fv= _]m
(50 4

Net downward force, F’ = mgsin® - f

. 1 1 1
o ren{H o)
mg(ZS 50 me 50 e

3 1
A =Fv, o | = == 3
it (so)mg" (so)mgv
or v=3v=(3x24)kmh™ =72kmh™’

. While pushing:

{ Fcos@

mg + Fsin 0
Normal reaction force, R = mg + Fsin 6
While pulling :

R+Fsin@ F

Fcos®

mg
Normal reaction, R = mg - Fsin 0
So, the normal reaction in case of pulling is less
than the normal reaction while pushing the lawn
roller. Therefore, it is easier to pull lawn roller than
pushing it.
Let myidy = py, my¥, = p{, my¥, = pj
Here, py» Py initial and final
momenta of A and p; is
the final momentum of B.
The initial momentum of
B which is at rest is zero.

34.

35.

36.

37.

From law of conservation

of momentum, p, = p{ + p; (1)

Collision is elastic, kinetic energy is also

2 2 .2
conserved thus, L= Pl P2
my 2my 2m,

As the two particles are identical, m, = m, so
p=p+p5 (i)
From eqn. (i) using parallelogram law of vectors,
pE=pi+ p5l +2p{p; cos(8+0) -..(ii)

From eqn. (ii) and (iii)
2p{pycos(0+0)=0=>0+¢=90°
Thus, the two identical particles move at right angles
after collision in two dimensions.
Force constant is given k, let the displacement be x,
then force, |F| = kx
(a) If elongation in the spring is tripled, then final
force
F=k(3x)

F' k(3x)_3

Their ratio, ? = T = T

(b) Initial elastic energy, E= %kxz
Final elastic energy E’= %k(b:)z

Their ratio, Lt
E 1
(c) Work done in changing state = E’- E
=L (oke?) - Lie? = ak?
2 2

Refer to answer 115, Page no. 177 (MTG CBSE
Champion Physics Class 11)

OR
Refer to answer 43, Page no. 131 (MTG CBSE
Champion Physics Class 11)
Refer to answer 185, Page no. 186 (MTG CBSE
Champion Physics Class 11)

OR
Refer to answer 125, Page no. 141 (MTG CBSE
Champion Physics Class 11)
Refer to answer 144, Page no. 143, 144 (MTG CBSE
Champion Physics Class 11)

OR
Refer to answer 184, Page no. 186 (MTG CBSE
Champion Physics Class 11)
xXX

®
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MONTHLY TEST

DRIVE

Total Marks : 120 Rotational Motion | Gravitation Time Taken : 60 Min.
NEET the distance between the bodies. Then the orbital
Only One Option Correct Type speed for this force in circular orbit is proportional

to

1. If R is the average radius of earth,  is its angular
velocity about its axis and g is the gravitational (a) 1 (b) R? (c) R
acceleration on the surface of earth then the cube of R?

the radius of orbit of a geostationary satellite willbe 5. The imaginary angular velocity of the earth for

equal to which the effective acceleration due to gravity at the
2.9 )
Rzg R w Rg R°g equator shall be zero is equal to
(@) == (b) =2 () o? () P (Take g= 10 m 5™ and R, = 6400 km)
2. A man stands at one end of a boat which is (a) 1.25x 10 rad s™  (b) 2.50 x 107 rad s™*
stationary in water. Neglect water resistance. The (c) 3.75x 10~ rad s (d) 5.0 x 10 rad st

man now moves to the other end of the boat and ¢

A ball rolls without slipping. The radius of gyration
again becomes stationary. The centre of mass of the

of the ball about an axis passing through its centre

man plus boat system will remain stationary with of mass is K. If radius of the ball be R, then the
resp.ecl :f water fraction of total energy associated with its rotation
(a) in all cases ) will be
(b) only when the man is stationary initially and 2. 2 2
finally () K“+R ) K
(c) only if the man moves without acceleration on R? R?
the boat K2 R
(d) only if the man and the boat have equal masses. (©) ) ——
e K2 +R?
3. Weightsof1g,2g, ..., 100 g are suspended from the )
1cm, 2 cm, ..., 100 cm marks respectively of a light 7. A uniform rod of mass m and length I makes a
metre scale. Where should it be supported for the constant angle 6 with an axis of rotation which
system to be in equilibrium? passes through one end of the rod. Its moment of
(a) 55 cm mark (b) 60 cm mark inertia about this axis is
¢) 66 cm mark (d) 72 cm mark 2 2
2y 4 @ ) "sine
4. The gravitational force between two bodies is 3 3
2 2
directly proportional to %(nol L,) where R is (<) —'%sinZG (d) i%l-.:osz(-)
R2
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8.

A particle of mass m is placed at the centre of a
uniform spherical shell of mass 3m and radius R.
The gravitational potential on the surface of the
shell is

Gm 3Gm
(a) R (b) =R
4Gm 2Gm
(c) R (d) R

A rope is wound round a hollow cylinder of mass
3 kg and radius 40 cm. If the rope is pulled with a
force of 30 N, angular acceleration of the cylinder
will be

(a) 10 rad s
(c) 20 rad s

(b) 15rad s
(d) 25rad s

. Two point masses A and B having masses in

the ratio 4 : 3 are separated by a distance of
1 m. When another point mass C of mass M is
placed in between A and B, the force between A and

rd
1
Cis (3) of the force between B and C. Then the
distance of C from A is

@3im ®m3m ©m @3m

4

. The diameter of a flywheel is 1 m. It has a mass of

20 kg. It is rotating about its axis with a speed of
120 rotations per minute. Its angular momentum in

kgm?s7 is
(@) 134 (b) 314 (c) 414 (d) 434
. Two bodies of masses m; and m, are initially at

rest and infinite distance apart from each other.
Now, they are allowed to move towards each other
under mutual gravitational attraction. Their relative
velocity of approach at a distance r between them is

(a) 2G(my +my) (b) 2Gmym,
r (my +my)r

© fM @ |Gmma
r (my +my)r

Assertion & Reason Type

Directions : In the following questions, a statement of
assertion (A) is followed by a statement of reason (R). Mark
the correct choice as :

(@)

If both assertion and reason are true and reason is the
correct explanation of assertion

(b)

©
(d

13.

If both assertion and reason are true but reason is not
the correct explanation of assertion

If assertion is true but reason is false

If both assertion and reason are false.

Assertion : The time period of revolution of a
satellite close to surface of earth is smaller than that
revolving far from surface of earth.

Reason : The square of time period of revolution
of a satellite is directly proportional to cube of its
orbital radius.

. Assertion : Position of centre of massis independent

of the reference frame.

Reason : Centre of mass is same as centre of
gravity.
. Assertion : A wheel moving down a perfectly

frictionless inclined plane will undergo slipping
(not rolling motion).

Reason : For perfect rolling motion, work done
against friction is zero.

JEE MAIN / JEE ADVANCED

16.

18.

Only One Option Correct Type

A uniform hollow sphere has internal radius a and
external radius b. Taking the potential at infinity
be zero, the ratio of the gravitational potential at
a point on the outer surface to that on the inner
surface is

W 2(1:32-.:32) 5 (b32— aai
3b(b"—a”) 3b(b” —a”)
3b(b% - a%) a(b® -a?)

(c) m (d) m

. A carpet of mass M, made of inextensible, material

is rolled along its length in the form of a cylinder
of radius R and is kept on a rough floor. The carpet
starts unrolling without sliding on the floor when
a negligibly small push is given to it. Calculate the
horizontal velocity of the axis of the cylindrical part
of the carpet when its radius reduces to R/2.

@ J%Rg () V3Rg (©) {%Rg & ’%Rg

A circular plate of uniform thickness has a diameter
of 56 cm. A circular portion of diameter 42 cm is
removed from one edge of the plate as shown in the
figure. Find the position of the centre of mass of the
remaining portion.

PHYSICS FOR YOU | OCTOBER ‘20
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19.

20.

2

@

(a) 9 cm to right of centre of

bigger circle R
(b) 2.5 cm to left of centre of

bigger circle
(c) 9 cm to left of centre of

bigger circle 4

(d) 4.2 cm to right of centre
of bigger circle

42 cm
56 cm

A cockroach, mass m, runs counterclockwise
around the rim of a lazy Susan (a circular dish
mounted onavertical axle) of radius Rand rotational
inertia I with frictionless bearings. The cockroach’s
speed (relative to the earth) is v, whereas the lazy
Susan turns clockwise with angular speed w. The
cockroach finds a bread crumb on the rim and, of
course, stops. What will be the angular speed of the
lazy Susan after the cockroach stops?

@ Io—-mvR mvR = Io
Y L em? mR?

o(2m+1)

() ® ) —————
m

More than One Options Correct Type

A light thread with a body of mass
m tied to its end is wound on a
uniform solid cylinder of mass M
and radius R as shown in the figure.
Ata moment t = 0 the system is set
in motion. Assuming the friction
in the axle of the cylinder to be
negligible, at any time ¢ iy
(a) the angular velocity of the cylinder is

g_'(Hﬂ)

(b) the angular velocity of the cylinder is
£y )
R 2M )
(c) the kinetic energy of the whole system is
M

mgzlZ
2
(d) the kinetic energy of the whole system is

2.2.2
mg't (HZ_'")
2 M

. A rocket is accelerated to speed of 2\/gR near

earth’s surface and then coast upward. (R is radius
of the earth and g is acceleration due to gravity.)
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23.

24,

(a) Rocket will orbit the earth.
(b) Rocket will escape from the earth.
(c) Speed of the rocket at very far from the earth is

V2R

(d) Speed of the rocket in the orbitis gR/2.

A thin uniform rod of mass m and length I is free
to rotate about its upper end. When it is at rest, it
receives an impulse ] at its lowest point, normal to
its length. Immediately after impact,

(a) the angular momentum of the rod is JI

(b) the angular velocity of the rod is 3]/ml

(c) the kinetic energy of the rod is 3]2/2m

(d) the linear velocity of the midpoint of the rod is

3J/m.

A sphere of uniform density p has within it a

spherical cavity whose centre is at distance a from

the centre of the sphere. Then

(a) The gravitational field within the cavity is non-
uniform.

(b) The gravitational field within the cavity is
uniform.

(c) The magnitude of gravitational field within the

nGpa®

3r
(d) The magnitude of gravitational field within the
4nGpa

cavity is

cavity is

Numerical Value Type

A bullet of mass m moving %
with velocity vo(=k) strikes
the bottom of a stationary

vertical uniform ring of Lx
same mass m and radius R = 1 m. The ring lies
in xy plane with its topmost point hinged on the
ceiling. The ring can rotate about x-axis. There is

no friction between the hinge and the ring. The
bullet gets embedded in the ring immediately after

wtG
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collision. Find the angular velocity of the system
(in rad s_l) just after collision. (Take vy = 11 m s_l)
25. The gravitational potential energy of a satellite
revolving around the earth in circular orbit is
-4 MJ. Find the additional energy (in MJ) that
should be given to the satellite so that it escapes
from the gravitational field of earth. Assume earth’s
gravitational force to be the only gravitational force

on the satellite and no atmospheric resistance.

26. A solid disc is rolling with slipping on a level surface
at constant speed of 5 m s~ If the disc rolls up a 28°
ramp, how far (in m) along the ramp will it move
before it stops? (Given sin 28° = 0.4695) 30.

Comprehension Type

A rod of mass M and length L
is suspended by a frictionless
hinge at the point O as shown
in figure. A bullet of mass m
moving with velocity v in a
horizontal direction strikes
the end of the rod and gets
embedded in it.

27. The angular momentum of the system, about O

before collision is
(a) mvL

1
(c) Eva

(b) MvL
) %MVL

28. The angular velocity acquired by the rod just after

the collision is

mv 2mv
@ G+ ML ® S
3myv d 3mv
© 7 @ Gmr ML
Matrix Match Type

29. A satellite is in a circular equatorial orbit of radius
7000 km around the earth. If it is transferred to a
circular orbit of double the radius then match the
entries of column I with those given in column IL

Column I Column II
(A) Angular momentum (P) Increases
(B) Areaofearthcovered (Q) Decreases

by satellite signal

(C) Potential energy (R) Becomes double
(D) Kinetic energy (S) Becomes half
A B C D
[V Qs Q S
(b) P P PS QS
(c) P S QS P
) Q P RS R

. In case of pure rolling of a rigid body of radius R

on a stationary horizontal surface with an angular
velocity ® and with v, as the velocity of its centre
of mass, match the entries in column I with those
given in column IL

Column I Column IT
(A) Distance moved by the (p) \/EVO
CM of the body in one
full rotation while slipping
forward
(B) The speed of the bottom- (Q) 2w,
most point on its
circumference
(C) The speed of the topmost (R)  >2mR
point on its circumference
(D) The speed of a point on (S)  zero
the circumference at angle
90° with line joining the
bottom-most point and
the centre of the body
A B C D
(@) S Q R P
() Q P Q R
(c) R S Q P
(d) P P R S
e
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